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This work is a continuation of a series of studies of the effect of various types of radiation and heat
treatment on the electrical properties of silicon structures doped with transition elements [1-3].

In modern solid-state electronics, the control of electrophysical parameters of semiconductors using
doping processes using impurities that form deep energy levels is one of the most promising ways to
control material properties. Depending on the type of impurity (donor, acceptor, or amphoteric), the
parameters and properties of the doped crystal change, which leads to the development of such
important properties as photosensitivity, thermal sensitivity, deformation sensitivity, and radiation
resistance. Indeed, in the production of doped semiconductor crystals, dopants with a high
propagation velocity are mainly used, which select electronic levels in the passband of the crystal.
Such impurities, which form the identified defect centers in the silicon crystal lattice, usually have
low solubility, a low concentration of electrically active, and a strong tendency to form complexes
with uncontrolled technical impurities [4].

In silicon, an indirect gap semiconductor, radiation defects determine the kinetics of the generation-
recombination process. Therefore, in many practical cases, proton and a-irradiation is used for local
(in area and depth) modulation of the lifetime of carriers in semiconductor structures. Knowledge of
the main parameters of radiation defects and their distribution inside the crystal is an important
condition for choosing the irradiation regime in order to achieve the required properties of the
device. For this reason, radiation defects in photoionized silicon have become the subject of
numerous studies.

The purpose of this article is to discuss the effect of various types of radiation and heat treatment on
the electrical properties of silicon structures doped with transition elements: analysis and discussion
of scientific papers on this topic, comparison and generalization of their data.
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The lifetime of charge carriers is most sensitive to irradiation. This parameter of semiconductors
changes even at low irradiation doses so that other electrophysical parameters of the irradiated
material practically do not change. It is usually believed that such changes are due to the formation
of recombination centers during irradiation [5]. Studying the effect of transmitted radiation on the
recombination properties of silicon doped with transition elements (nickel, cobalt, and manganese)
[6], the authors found that the presence of such impurities to a certain extent increases the radiation
resistance of silicon compared to control silicon.

The study by A. Kurbanov, Sh. Makhkamov and others on the change in the lifetime of carriers in
rapidly and slowly cooled samples showed that the probability of the formation of impurity pairs in
compounds like [CI-OI] and SiOn with n>2 increased. These electrically inert defects reduce the
oxygen concentration between sites, which in turn gradually increases the efficiency of formation of
K-centers [divacancy-oxygen-carbon] in doped p-type silicon [7].

The article [8] presents the results of a study of rare-earth elements for thermal defect formation in n-
type silicon, methods of neutron activation analysis, IR spectroscopy, and isothermal relaxation of
the capacitance. It was found that in Sm, Gd and Yb impurities, an increase in the resistance of
samples during heat treatment was revealed, thereby increasing the value of tHH3 compared to the
control ones by 2—4 times, and the suppression of thermal defects can be the purification of the Si
volume from uncontrolled fast-diffusing impurities, their gettering with Sm impurities , Gd, and Yb
or the formation of REE+acceptor defect complexes, as well as the active interaction of REE with
oxygen in Si. As a result of studies of IR absorption in Si<P32> , it was found that the effective
interaction of REE with oxygen in Si begins with NREE concentrations NP3 > 5:1017 cm™ as well
as their silicides, acting as sinks for uncontrolled and technological impurities.

M. N. Alikulov studied the effect of heat treatment and radiation on the electrical properties of
silicon doped with platinum [9], obtaining new characteristics for the manufacture of semiconductor
devices based on silicon, including various thermal and radiation treatments with a change in its
electrical properties and the dependence of the cooling rate after diffusion in silicon. The behavior of
platinum impurities and the effect of their alloys with platinum, Si, Re, and Ce have been studied. It
was found that among the most promising options for managing costs, silicon is one of the legal
impurities. In order to characterize the interaction of impurity atoms with primary radiation and
thermal defects, the concentration-dependent kinetics of pyrolysis of platinum centers in p-type
silicon was also set as a problem.

Comprehensive studies carried out by the authors of [10] using three independent XRD methods,
ultrasoft X-ray emission spectroscopy and Raman spectroscopy SIPOS (oxygen-doped semi-
insulating polycrystalline silicon, SIPOS) showed that the layers obtained by the LP CVD method at
a temperature of 625 °C and SiH4 silane consumption of 8 I/h with the addition of N20 as an oxygen
source at different values of y N20O/SiH4 0.15 have a complex phase composition consisting of
silicon nanocrystals embedded in amorphous clusters of a matrix of silicon and silicon-oxygen. An
increase in the oxygen content in SIPOS layers to a maximum value at y=0.15 leads to a decrease in
the size of nanocrystals from ~75 nm (at y 0) to 2-5 nm (at y 0.15) embedded in an amorphous
silicon matrix.

Analysis of the scientific literature on the development of problems affecting the structure of its
silicon and changing the electrical properties, such as radiation, heat treatment, doping, conclusion to
conclusions:

- defect engineering plays an important role in this problem and originates in the study of defect
formation processes during irradiation of solids with accelerated particles. The study of the processes
of defect formation during irradiation led to the idea of developing methods for the controlled
introduction of defects into solids and modification of their structural, electrical, and optical
properties. This direction was put into practice with the development of ion implantation technology,
a process that, in addition to introducing electrically active impurities, led to the appearance of many
types of radiation defects.
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A study of the evolution of defect systems by annealing after ion implantation revealed the existence
of defect complexes emitting light in the infrared (IR) region, including telecommunication
wavelengths; promising methods for controlling the process of degradation of the electrophysical
parameters of silicon are heat treatment and alloying with rare earth elements (REE) and transition
metals. However, it should be emphasized that rare earth elements do not exhibit electrical activity
when introduced into single crystals; do not form electrically active complexes;

In undoped a-Si:H films, nanocrystals are formed at a laser irradiation energy density of 80 mJ/cm2,
and the volume fraction of the crystalline phase reaches more than 20%. On the contrary, in films
doped with boron, crystallization first begins at 110 mJ/cm2, and the volume fraction of the
crystalline phase does not exceed 10%. This suggests that the presence of boron affects the
mechanism of laser crystallization. At the same time, the low volume fraction of the crystalline phase
(<10%) during femtosecond laser crystallization of boron-doped amorphous silicon indicates the
possibility of obtaining materials with potential applications in solar energy [11, 12].

Thus, the influence of structural defects and impurities in silicon on the electrical properties of p-n
structures and methods for applying defect removal have been studied and analyzed, which showed
the need to use the gettering method in the production of semiconductor devices and integrated
circuits. The application of the principle of removing structural defects in silicon in mass production
can improve the internal functional properties of semiconductor devices and integrated circuits and
increase their reliability.

List of used literature

1. Xammamos XK., C.O. Caunos, Hacymaes b.C.Y. UccnenoBanne BIMSHHS PA3THYHBIX BHIOB
U3IYyYeHUH Ha 3JeKTpo(U3MUECKHEe CBOICTBA KPEMHMEBBIX CTPYKTYp, JIETMPOBAHHBIX
MEPEeXOAHBIMI 3JIEMEHTaMH. AKTyaJbHBIE TpPOOJIEMBI COBpPEeMEHHOW (u3uku. MaTepuaisl
MEXIYHapOAHOH  HAay4HOH W HAYYHO-TEXHHYECKOW  KOH(EpEHIUH. byxapckuit
rocy/1apCTBEHHbBIN YHUBEPCHUTET.25-26- HOSIOPB 2022 r. 68-70 c.
https://journal.buxdu.uz/index.php/journals_buxdu/article/download/8231/5238/22790.

2. VYramypamoa II.b.,, Xammamo XK. Martuonos X. K. m np. CTpyKTypHBIH aHaIN3
MOHOKPHCTAJIJIOB KPEMHHS JIETUPOBAHHBIX MapraHiy. AKTyaJbHbIE MPOOJIEMBI COBPEMEHHOM
¢u3uku. Marepuaibl MEXIyHApOJHONH HAyyHOM M HAyYHO-TEXHMYECKON KOH(EpeHIINH.
byxapckuii = rocygapcTBeHHbIM  yHuBepcuTeT.25-26-  HosiOpp 2022 r.  21-24 c.
https://journal.buxdu.uz/index.php/journals_buxdu/article/download/8230/5237/22789.

3. CaupgoB Cado Onumonuu, Kamomo XKypabGex Kamon yrmu. TexHomorus mnosydyeHUs
TOHKOCIIOWHBIX TeTepocTpykTyp n-CdS/p-CeF; u nccnenoBanme ux 3MeKTPHUYSCKUX CBOWCTB. //
Miasto Przysztosci. 2022. - V. 29. 72-78.
https://miastoprzyszlosci.com.pl/index.php/mp/article/view/708.

4. CartueB A.P. PaguanmoHHO-CTUMYJIHMpOBaHHBIE IpPOLECCHl B (OPMHUPOBAHUU MPHUMECHO-
neQeKTHBIX COCTOSHUN B KPEMHHH, JISTHPOBAHHOM TNaJUTaJHeM, CEpold M HIUHKOM.: ABTOped.
JIMC. Ha COMCKaHUs y4eHOH creneHu qoktopa ¢unocopuu (PhD) no ¢usnko-maremarnyeckum
HaykaMm, —TamKkeHT: AHAMKAHCKUN rocynapcTBeHHbIH yHHBepcuteT, 2019. —126 c. https://e-
catalog.nlb.by/Record/BY-NLB-br0001585430.

5. T. @ucryns B. W. Bemenme B ¢usuky mnomynpoBogHukoB. «®Panm», 1989 r. 92 c.
https://pandia.ru/text/80/681/55765.php.

6. Radiation effects and defects in solids. 2000. V.152. P.171-180.
https://www.tau.ac.il/~chenr/Pubs/chen_78.pdf.

7. A.Kypb6anos, I1I. Maxkamos, C. 3aiinoouanHoB, A. [lexxonos, C. KoxeBuukos. MccrnenoBanue
BIUSTHUSL Y-paJualliil Ha PEKOMOWHAIIMOHHBIE CBOICTBA KPEMHHS pP- THIA, JETMPOBAHHOTO
uukenem./ https://pandia.ru/text/80/681/55765.php

Published by inter-publishing.com | All rights reserved. © 2023 & Page 68
Journal Homepage: http://inter-publishing.com/index.php/AIJSLD OPEN ACCESS




American Journal of Science and Learning for Development Volume 2, No 6]
For more information contact: mailto:editor@inter-publishing.com Jun - 2023

8. 3aitmabuamnaoB C., Hazupos J[.O. Bausaue TepMuyeckoro Bo3ACHCTBUS Ha SJIEKTPODU3UISCKHE
CBOWCTBa KPEMHHMS, JIETHPOBAHHOIO PEAKO3EMENbHBIMH 3lieMeHTaMu // M3BecTHs BY30B.-
HammonaneHbiit uccnenoBarenbekuii yausepeutet, «MUITy».- Mocksa, 2020.- T. 25, Ne 1.- C.
92-94. http://ivuz-e.ru/issues/1-
_2020/vliyanie_termicheskogo_vozdeystviya na_elektrofizicheskie svoystva_kremniya_legiro
vannogo_redkozemel/

9. AmukynoB M.H. BnusHue TepMooOpaOOTKHM M pajualiud Ha 3JIEKTPOPU3HUYECKHE CBONCTBA
KPEMHHS, JIETHPOBAHHOTO IIJIATUHOW. ABTOpedepar auccepTallid Ha COMCKaHHME YYeHOU
CTeNeHU KaHauaatra (U3MKO-MaTeMaTHUeCKUX HaykK, -TamkeHT: MHCTUTYT simepHOil (usuku
Axkanemun Hayxk Y36ekucrana, 1999.- 11 C.
https://inis.iaea.org/collection/NCLCollectionStore/_Public/31/035/31035875.pdf.

10. Vladimir A. Terekhov, Dmitriy N. Nesterov, Konstantin A. Barkov, Evelina P. Domashevskaya,
Aleksandr V. Konovalov, Yuriy L. Fomenko et al. Bound oxygen influence on the phase
composition and electrical properties of semi-insulating silicon films. // Materials Science in
Semiconductor Processing 121 (2021) 105287.
https://elar.urfu.ru/bitstream/10995/92643/1/10.1016-j.mssp.2020.105287 .pdf.

11. K.H. Henncosa, A.C. Unbun, M.H. Mapteimuos, A.C. Boponuos. Bnusinue nerupoBanusi Ha
CBOWCTBa aMOpP(HOTO THUAPOTCHU3UPOBAHHOTO KPEMHHUS, OOIYYECHHOTO (HEMTOCEKYHIHBIMU
nazepHbIMU mMITysibcamu.// ®Pusuka TBepmoro Ttema. 2018.- T. 60.- Bem. 4.- C. 637-640.
https://journals.ioffe.ru/articles/viewPDF/456609.

12. B.H. IMTBUHEHKO, H.B. BOI'AY. TE®EKTHI U IPUMECHU B KPEMHWN U METO/IbI
NX 'ETTEPUPOBAHUS.// BICHUK XHTY. IHHKEHEPHI HAYKU. 2017 p. Ne 1(60).- C.
32-42. https://cyberleninka.ru/article/n/defekty-i-primesi-v-kremnii-i-metody-ih-
getterirovaniya/viewer/

Published by inter-publishing.com | All rights reserved. © 2023 & Page 69
Journal Homepage: http://inter-publishing.com/index.php/AIJSLD OPEN ACCESS




