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Abstract.This paper provides a brief overview of main works, dedicated
to the study of photoluminescence in gallium antimonide crystals, as well
as the features of the band structure and classification of impurity states.
Photoluminescence of gallium antimonide doped with selenium and tellurium in
the concentration range is presented (10'7-9-10'” cm3. 1,8-10%7-2-10'8 cm3) for
selenium and tellurium respectively. It is shown that GaSb photoluminescence
is determined by changes from the conduction band to the second ionized state
of the double natural acceptor. The shape and position of the maximum of the
emission lines is determined by the Coulomb potential of the impurity, additional
minima of the conduction band and resonant impurity states associated with
them.It was revealed that the difference in the photoluminescence spectra of
gallium antimonide crystals containing different donor impurities (selenium,
tellurium) is due to the influence of resonant impurity levels associated with
the L-minima of the conduction band. Theoretical calculations of the shape of
GaSb photoluminescence spectra were performed. The position of the peak and
the short-wavelength wing of the emission lines are essentially determined by
the position of the Fermi level, which is due to the sharp increase in barrier
transparency with increasing electron energy. The practical significance of
the results in this article is also related to the widespread use of optical and
photoluminescence phenomena in various types of semiconductor devices.
Key words: photoluminescence, impurities, crystal, recombination, concentration,
level, energy

Introduction

This paper is dedicated to the study of photoluminescence of doped gallium antimonide
crystals.Gallium antimonide is one of the most important materials for infrared optoelectronics
- LEDs, lasers and photoconverters[1].

The galliumantimon ideis interesting because it has additional minima of the conduction band
located close to the main minimum (~80 meV), as well as the magnitude of the spin-orbit
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splitting A is approximately equal to the width of the bandgap E, and others.These properties
of gallium antimonide distinguish it from the number of A3 B®> compounds. For example, by
creating uniaxial deformation, it is possible to easily invert the extrema of the conduction band
and thereby study the influence of the overlying L-length on the optical properties of the crystal.

Increased interest in the study of photoluminescence in gallium antimonide crystals
is stimulated not only by purely scientific objectives: obtaining important data on the band
structure of semiconductors, the mechanisms of recombination processes in them, etc. The
practical significance of the issues discussed in the article is also associated with the widespread
use of optical and photoluminescence phenomena in various types of semiconductor devices.
In particular, coherent radiation sources and photodetectors in a wide spectral range are
manufactured based on these compounds. These same compounds are also of significant
practical interest for use in traditional semiconductor electronics. The spectral region of gallium
antimonide (1.1-1.6 um) contains the main transmission maxima of quartz fibers, most of which
are used in fiber optic communications.

When growing GaSb single crystals from gallium-enriched melts, the concentration of this
acceptor increases toward the end of the ingot due to the accumulation of excess gallium in the
melt. The increase in acceptor concentration, however, occurs more slowly than the increase in
Te donor concentration [2].

A number of studies have been devoted to the study of recombination radiation of gallium
antimonide. The photoluminescence spectrum of this compound is complex. The introduction
of certain impurities, as well as various external influences, significantly influence the shape
and position of the emission lines. Therefore, studies by various authors lack a unified view
on the nature of these or those emission lines.In the photoluminescence spectra of undoped
P-GaSb crystals, two emission lines are observed [3] the authors [4] the positions of these lines
with maxima hv, = 0.797 eV and hv, = 0.776 eV weakly depend on temperature. According to
these authors, the high-energy line is associated with the recombination of excitons bound to
impurities.

Accordingto measurements, the position of the radiation maxima depends on the temperature.
It is also noted that the hu_1lline shifts from 0.800 eV to 0.780 eV when the temperature
changes from 10° K to 90° K. They, like other authors [4,5,6] associate this line with interband
recombination, and explain the shift of the radiation maximum to the long-wavelength side
with increasing temperature by the narrowing of the band gap. The origin of the hv, line is
associated by many authors [7,8] with the recombination of the conduction band - a shallow
natural acceptor. Photoluminescence of gallium antimonide, doped with various impurities,
was studied in papers [10]. In the spectra of lightly doped and compensated crystals, which
are obtained by introducing tellurium and selenium donors, a new hv,long-wavelength line
appears. At the same time, the main emission lines are extinguished. According to the authors
[7,8], the hv,line is associated with the emergence of the possibility of radiative transitions
from the conduction band to deep natural acceptors.The position of the maximum of this
line depends on the concentration of impurities and on the excitation level. By studying the
photoluminescence spectra of n-GaSb samples doped with tellurium, the authors came to the
conclusion that the long-wavelength emission line A (hv, = 0.720+0.730 eV) corresponds to
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transitions to the levels of the natural double acceptor. Using higher excitation levels, two more
high-energy lines A and B can be detected with energies at maximum of 0.780 eV and 0.796 eV.

They suggest that line A is the result of electron recombination through the same double
acceptor, rendered neutral by the capture of two holes, while line B is determined by the
emission of an exciton bound to the same neutral center. The authors further point out that line
B is significantly broader than the typically observed bound exciton lines and suggest that this
broad band contains a significant fraction of band-gap electron emission. A shift of the longest
wavelength, line A, toward shorter wavelengths is observed with increasing pumping level,
which is explained by an increase in the Fermi level with increasing nonequilibrium carrier
concentration.In the works [9]the photoluminescence of gallium antimonide heavily doped
with tellurium was studied. At a low excitation level the maximum of the photoluminescence
spectrum, which consists of one broad emission line, shifts to the short-wavelength side of
the spectrum from 0.710 eV to 0.800 eV with an increase in the electron concentration from
3:10% cm?® to 4.7-10'8 cm?. Attributing this phenomenon to the Burstein shift, the authors came
to the conclusion that the initial states for radiative transitions lie in the conduction band,
and the final states are the same deep acceptor levels with an ionization energy of 0.1 eV that
participated in the transitions of lightly doped crystals.

The methodology

A standard setup was used to measure the photoluminescence spectra of gallium antimonide.
Nonequilibrium carriers were excited by a He-Ne laser (LG-126) with A= 1.15 pm, and a P BS
receiver was used to record the radiation.A special cryostat was used, eliminating the need for
optical windows. The sample is placed in a brass bath, which is housed in a Dewar flask with
an open top. The radiation emitted by the crystal is collected by a spherical mirror positioned
directly above the open-top Dewar flask. The converging rays from the spherical mirror are
directed toward the monochromator by a flat mirror and focused on its slit. The optical surface
of the samples was prepared using conventional methods: mechanical grinding on powders
with minimal grain sizes (10-14 um) and chemical etching to a mirror finish in a SR-4A solution.
The photoluminescence spectra of n-type gallium antimonide crystals doped with selenium and
tellurium were studied (the Hall carrier concentrations were: 1:107-9-10'7 cm3. 1,8-10%7-2-10'8 cm3

for Se and Te, respectively, at a temperature of 770K. The studied concentration range
corresponds to the electron degeneracy region.

Discussion
The measurements were carried out at low pump levels; the concentration of nonequilibrium

carriers was =10%° cm3. The photoluminescence spectra under these conditions are a broad,
structureless line (Fig. 1,2).
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Figurel. Spectra of n-type GaSb (Se) crystals luminescence, T=77°K
1-0,8; 2-3,9; 3-5,7;4-7,5 10" cm’3

Figure2. Spectra of n-type GaSb (Te) crystal luminescence, T=77°K
N:10Y7cm>3: 1-2,5; 2-4,2; 3-6,2; 4-8; 5-10.

Asthedopinglevelincreases, the maximum of the emission lines shifts toward higher energies,
and the line broadens. The energy of the maximum of the emission line is always significantly
less (80-100 meV) than the optical width of the band gap. Consequently, it can be assumed that
the emission line is caused by transitions from the conduction band to a deep acceptor level: for
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example, to the second ionized state of the double acceptor, which is always present in gallium
antimonide. If p-GaSb is doped to degeneracy (N =2-10"7 cm*, E_=0.029 eV), then the acceptors
are doubly negatively charged. At weak pumping ((4n, Ap<n ), nonequilibrium holes are quickly
captured by acceptors, which then become singly negatively charged. Consequently, carrier
recombination occurs by overcoming the Coulomb barrier, which should be reflected in the
line shape and the position of the emission maximum. Figures 3 and 4 show the concentration
dependences of the maximum and half-width of the emission line of gallium antimonide doped
with Se and Te, respectively.

Figure3. Position of the maximum (1), half-width of the emission lines (2) and
the Fermi level (3) of GaSb (Te) crystals from the doping level, T=770K

Figure4. The position of emission line maximum and level of Fermi crystalsGaSb (Se)
from doping levelT=77°K
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It is evident from the figures that up to concentrations of 5107 cm™ both dependences are
practically identical, and as the degree of doping increases, the influence of the impurity type
appears. For gallium antimonide crystals doped with Te maximum emission from concentration
shifts monotonically to the short-wavelength side with doping, saturating at N >1-10"%cm?,
while the dependence E** _ occurs at N >7-10" ®cm™ and shifts to the long-wavelength side.
The behavior of the half-width of the emission lines on the carrier concentration is similar to
the behavior of E_ . The shape of the emission line for conduction-acceptor band transitions
can be described by the following expression:

I(E)=p(E)F(E)N(E) (1)

p (E)-the density of states in the conduction band, assuming the conduction1 band to be
spherical andisotropic, thenp(E)~VE, E-kinetic energy of electrons; F(E) = exp(F_EmyyT Fermi
equilibrium function: N(E):A/\/E[epr/\/E - 1) Sommerfeld multiplier for the repulsive:

2T

A= (2)

The factor (E) takes into account that transitions are associated with ionized acceptor states,
i.e., with overcoming a repulsive barrier. Consequently, transitions are more probable for
electrons with high kinetic energy. The results of calculations using formula (4) are shown in
Figure 5. The position of the maximum and the short-wavelength wing of the emission line are
practically determined by the position of the Fermi level, which is due to the sharp increase in
barrier transparency with increasing electron energy. Figures 3 and 4 show the dependence of the
Fermi level on the carrier concentration. The concentration is taken from direct measurements
of the Hall coefficient. Indeed, as can be seen from the figure, the shift of the emission maximum
with concentration toward shorter wavelengths is analogous to the change in the position of
the Fermi level for E™ _ to concentrations 1:10"® cm?, for E**  to 7:10" cm™. AtN >1-10'*cm™
dependence E™ _ is saturated, which is apparently due to the filling of the L-valley of the
conduction band, since the Fermi level at a given concentration reaches the L-minima. At the
same time, a contribution to radiative recombination from transitions from the L-minima
should appear. This is evident in a slight discrepancy between theory and experiment in the
short-wavelength wing of the spectrum at high carrier concentrations. The contribution from
transitions fromthe L-minimawasnottakenintoaccountinthe calculations. Thelong-wavelength
wing of the emission band is determined primarily by two factors: the distribution of the density
of states near the bottom of the conduction band and the screening of the Coulomb potential of
the impurity center. Gallium antimonide always contains a large number of natural acceptors
(P=1-2-10" cm™). Therefore, when doping with donor impurities to a level of N ~5:10"" cm?, a
significant degree of compensation exists, resulting in “tails” in the density of states in the band
gap. The presence of these tails, which we did not take into account in our calculations, is one of
the reasons for the discrepancy between the experimental data and the calculation in the region
of the long-wavelength wing of the spectra at N <5-10"7 ¢cm™. Another factor determining the
long-wavelength edge of the luminescence spectrum is the screening of the Coulomb potential
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of the impurity center by free electrons. The presence of a negative charge at the impurity center
leads to a dependence of the probability of radiative recombination of electrons on their kinetic
energy. This situation is analogous to the dependence of the transparency of the Coulomb
barrier on the particle energy during tunneling. An increase in the electron concentration leads
to a lowering and narrowing of the Coulomb barrier, increasing the probability of electrons
with low kinetic energy passing through it. One can attempt to account for the screening of the
electrostatic potential by taking the eigenvalue of the Schrédinger equation with a Hamiltonian
including the electrostatic screened potential as the total electron energy E(z) in the single-
electron approximation:

ez -L
= — T3
Vi) ="-e 3)
where r, - Thomas-Fermi screening radius
3Ne 4me?
1= () |—5

In general, the Schréodinger equation does not have a closed-loop analytical solution. However,
such a solution can be obtained for large values of the screening radius r_>a_. The static screened
potential in this case can be represented as:

2
ing (4)
M

Taking into account screening in this case comes down to adding the following expression to
the total energy of the electron:

3Ne
1 = (e

T i ©)

i.e. to the shift in the electron energy reference point. One can attempt to account for the
effect of screening in the same way for the caser <a,, which is the case for the crystals under
study. The calculation using formula (5) is shown in Figure 5:

Figure5. Spectra of luminescence of n-typeGaSb,theory: a-no screening; b- subject to screening;
c-experiment
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[tis evident that taking into account the screening broadens the long-wavelength wing of the
spectrum. The best agreement between the experimentally observed spectra of GaSb(Te) and
the calculated results is observed at Hall concentrations of (6-8) 107 cm; i.e., when the role of
the density of states “tails” is already relatively small, and the contribution of transitions from
the L-minimum is still insignificant. Returning to Figs. 2 and 3, we note a significant difference
in the behavior of the concentration dependences of Emaxfor crystals doped with tellurium
and selenium. In the case of GaSb(Te), E™ = monotonically shifts to the short-wavelength side
similarly to E_ up to concentrations of the order of 1-10"8 cm®, and saturates with a further increase
in the concentration. This behavior at high concentrations is due to the fact that the Fermi level
reaches the L-minima of the conduction band (the Te level, located below the L-minima for these
concentrations is degenerate) and due to the higher density of states in them(m,*=0,29m )
the growth of the Fermi level should slow down. Moreover, at such electron concentrations,
the effect of narrowing of the band gap with doping is already significant. Saturation can be
explained in this case by the simultaneous action of two factors: a weak increase in the Fermi
level and a decrease in the band gap with doping. In GaSb(Se) crystals, the resonant levels of
selenium associated with the L-minima, as will be shown in the next paragraph, are located 33
meV below the bottom of the L-minimum of the conduction band. Consequently, saturation of
the concentration dependence of Esemax, associated with the filling of the resonant states with Ie,
should occur at lower concentrations N_than for GaSb(Te) crystals. However, it is evident from
Fig. 4 that the dependence of E¥* _ on N _passes through a maximum at N ~7-10" ¢m™ and then
shifts to the long-wavelength side with a further increase in N . Therefore, it can be concluded
that the decrease in the band gap with doping should be significantly greater than for crystals
in GaSb(Te). The stronger decrease in the band gap with doping may be due to the fact that
selenium in gallium antimonide produces a center that differs from the hydrogen-like center,
and for such a center, the dependence of the change in the band gap width with doping can be
significantly stronger than for the hydrogen-like center.

Conclusion

In this paper, the photoluminescence of gallium antimonide (GaSb) crystals doped with
selenium (Se) and tellurium (Te) was studied, and the following conclusions were drawn from
the obtained data:

1. The photoluminescence of gallium antimonide crystals doped with selenium and tellurium
was determined by the transition from the conduction band to the second ionized state of the
natural acceptor in the concentration range (1*10'7 - 8108 cm u 1.8¥10' - 2*10'® cm3) for
selenium and tellurium.

2. The shape and position of the emission maximum line are determined by the Coulomb
potential of the impurity, additional minima in the conduction band, and associated resonant
impurity states.

3. It was established that the difference in the photoluminescence spectra of gallium
antimonide crystals with different donor impurities (selenium, tellurium) is due to the influence
of resonant impurity levels associated with the conduction band minima.
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4.Itwas noted that the shift of the long-wavelength emission edge toward higher energies with
increasing concentration is explained by the influence of impurity concentration fluctuations.

Acknowledgement, conflict of interests
The authors declare that they have no conflict of interest.

The contribution of the authors

Egemberdieva S. - drafted the manuscript, read and edited it, and formulated the key goals
and objectives.

Kushkimbayeva B. - collected data, conducted the analysis, and approved the final version
of the article for publication.

Kusherbayeva M. - read and edited the manuscript, providing valuable critical comments,
prepared illustrations, and wrote and edited the text.

Keikimanova M. - processed and interpreted the data.

References

1. V.P. Xvostikov, S.V. Sorokina, N.S. Potapovich, 0.A. Xvostikova, A.S. Vlasov, E.P. Rakova, V.M. Andreev,
Issledovanie svojstv e pitaksial nogo i slitkovogo antimonida galliya [Examination of properties of epitaxial
and bulk gallium antimonide], Fizika i texnika poluprovodnikov [Physics and Technics of Semiconductors],
42,p.1198-1205 (2008), DOI: https://journals.ioffe.ru/articles/viewPDF /6671 [in Russian]

2. AEE. Kunicyn, A.G.Mil vidskaya, M.G.Mil vidskij, V.V. Chaldyshev, Svojstva legirovanny'x tellurom
monokristallov antimonida galliya, vy rashhenny'x iz nestexiometricheskogo rasplava [Properties of
tellurium-doped gallium antimonide single crystals grown from nonstoichiometric melt], Fizika i texnika
poluprovodnikov [Physics and Technics of Semiconductors], 8, p. 947-950 (1997), DOI: https://journals.
ioffe.ru/articles/viewPDF /32905 [in Russian]

3. D.L. Alfimova, L.S. Lunin, M.L. Lunina, D.A. Arustamyan, A.E. Kazakova, S.N. Chebotarev,
Vy'rashhivanie i svojstva izoparametricheskix geterostruktur InAlGaPAs/GaAs [Growth and properties
of isoparametric InAlGaPAs/GaAs heterostructures], Fizika i texnika poluprovodnikov 10 [Physics
and Technics of Semiconductors], 10, p. 1426-1433 (2017), DOI: https://journals.ioffe.ru/articles/
viewPDF /45025 [in Russian]

4. RV. Levin, Issledovaniya i razrabotka texnologii izgotovleniya geterostruktur na osnove
antimonida galliya metodom GFE'MOS [Research and development of technology for the fabrication of
heterostructures based on gallium antimonide using the HFEMOS method], Avtoreferat [Abstract], p.12
(2016) [in Russian]

5. 0.S. Komkov, Infrakrasnoe fotootrazhenie poluprovodnikovy'x materialov A3B5 [Infrared
photoreflection of semiconductor materials A3B5], Fizika tverdogo tela [Solid state physics], 63, p. 991-
1014 (2021), DOI: https://doi.org/10.21883 /FTT.2021.08.51146.032 [in Russian]

6. K.V. Shalimova, Physics of Semiconductors, p. 400 (2010).

7.5.Sh. Yegemberdiyeva, B.Zh. Kushkimbayeva, M.R. Kusherbayeva, M.T. Keikimanova, Photolu-
minescence spectra of doped n-type indium antimonide crystals, Eurasian Physical Technical Journal,
volume 22, No.1 (51), p- 127-133 (2025), DOI: https://doi.org/10.31489/2025N1/127-133

174 N24(153)/ 2025 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.

DQusura. ACmpoHOMUsL cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Photoluminescence of gallium antimonide (GaSb) crystals doped with selenium (Se) and tellurium (Te)

8.D.Cakirogluy, ].-P Perez, A. Evirgen, C. Lucchesi, C. Pierre-Olivier, T. Taliercio, E. Tournié, VaillonIndium
antimonide photovoltaic cells for near-field thermophotovoltaics, Solar Energy Materials and Solar Cells
(203), p. 1-15 (2019), DOI: https://doi.org/10.1016/j.s0lmat.2019.110190

9. R\V. Levin, A.S. Vlasov, A.N. Smirnov, B.V. Pushny, Vysokoomnyj antimonid galliya, poluchennyj
metodom gazofaznoj epitaksii iz metallorganicheskih soedinenij [Properties of gallium antimonide
epitaxial layers, metal-organic vapor-phase epitax], Fizika i texnika poluprovodnikov [Physics and
Technics of Semiconductors], 12, p. 159-1602 (2019) [in Russian]

10. N.B. Brandt, S.V. Demishev, A.A. Dmitriev, E.M. Komova, N.G. Ermakova, Primesnye donornye
sostoyaniya v GaSb(Se) [Impurity donor states in GaSb(Se)], Fizika i texnika poluprovodnikov [Physics
and Technics of Semiconductors], 4, p. 664-668 (1983), DOI: https://www.mathnet.ru/rus/phts2247
[in Russian]

C.II. Erem6epaueBa, B.JK. Kymkumo6aesa, M.P. Kymep6aeBa*, M.T. KeukumMaHoBa
1234 M.X. [lynamu ameindarel Tapas yHusepcumemi, Tapas, Kasakcma
(E-mail: s.egemberdieva@bk.ru, k.bibara@mail.ru, *k. maikul@mail.ru, merukey1970@mail.ru)

CesieH (Se) x9He Tesutyp (Te) KocbLIFaH rajimii aHnTuMoHUi (GaSb) KpucraiaapbIHbIH,
doTonoMUHecCHeHIUSIChI

Angarna. bysn XyMmbIc ra/uiMii aHTUMOHUJIHIH KpPUCTaNAAPbIHJAFbl GOTOJSOMUHUCIEHIIUSHbI
3epTTeyre apHa/iFaH Heri3ri )KyMbICTap/blH, KbICKaIlla LI0JIybIH, COH/lal-aK, aiMaKThIK, KYPbLJIbIMHBIH,
epeKIieJiKTepiH >oHe Kocma KyHJepiHiH KjaaccupuKanuschlH Kapactbipagbl. (107-9:-10Y7 cm3.
1,8:10%7-2:10'® cm3) KOHIeHTpalMsAAMANa30HbIHA CeJieH MeH TeJUlyp YIIiH JIeTUpJIeHTeH TaJuIhi
AHTUMOHU/JIIHIH ¢oToMOMUHUCIeHIUsACKI 6epinreH. GaSb ¢oTosoOMUHeECHEHIUSACKl KOC TabGUFu
aKIeNTOPAbIH, OTKi3rilTiK aliMaFblHaH eKiHIII HOHJAJFaH KyHiHe eTy apKblibl aHbIKTAJIATbIHbI
kepceTiyireH. llIbIFapy ChI3bIFbIHBIH, MAKCUMYMBIHBIH, MillliHIi MEH OPHBI KOCHAHbIH KYJOHABIK OTEH-
IUaJbIMeH, OTKi3rilmTiK aliMaFblHJAFbl KOCbIMIIA MUHUMYMJAPMEH >XoHe OJlapMeH Oal/IaHbICThI
PE30HAHCTHIK, Kocla KyWjepiMeH aHbIKTa/aAbl.KypaMbiHAA opTYpJii JOHOPJIBIK Kocmasap (ceseH,
TeJulyp) O6ap Ta//IMd aHTUMOHHUJI KpHUCTaJJapblHbIH (GOTOJIOMUHECHEHIIUS CIeKTpJepiHaeri
albIpMalIbLIbIKTAp 6TKI3riLITiK 30HaHbIH L-MUHUMYM/apbIMeH 6al1aHbICThl PE30HAHCTBIK Kocnaaap
JeHrelsepiHiH ocepiHeH 06o0JiaTbhlHbl aHbIKTaAAbl. GaSb <¢oToslOMUHeCHIEHIIUS CHeKTpJepiHiH,
NilliHIHIE TeOpUAJBIK ecenTeyJiepi )Kyprisizigi. MaKCUMyMHBIH, OpHa/Iacybl K9He KbICKA TOJIKbIH/bI
CayJieJIeHY ChI3bIKTapbIHbIH KaHATHI ic xky3iHAe PepMu JleHreliHiH opHalacybIMeH aHbIKTalaAbl Oy
3JIEKTPOH/IAPAbIH, 3HEPTHUACBIHBIH, KOFApbLJIaybIMEeH TOCKAYbLI MOJIJIPJIriHiH KYpT ecyiHe 6ali/JIaHbICThI.
MakaJiaZia »KyMbIC HOTHKeJIepiHiH MPaKTHUKaJIbIK MaHbI3/IbLJIbIFbl COHbIMEH KaTap apThlJIal eTKi3rii
KYPbUIFBLIAPABIH 9PTYPJIi TYpJiepiHAe ONTHKAJIBIK KoHe GOTOTIOMHUHECIEHIIUAIBIK, KyOblIbICTAP/IbI
KeHiHeH KoJI/laHyMeH 6al/laHbICThI EKEHi KeJTipijireH.

Tyiin ce3gep: GOTONMOMUHHUCIEHIUA, KOCMajlap, KPUCTa/J, PEKOMOWHAIMS, KOHIeHTpalus,
JleHrel, sHeprus
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®OTO/IIOMUHHUCIEHUSA KPUCTAIJIOB aHTUMOHKAA raius (GaSb) sierupoBaHHbIX cesieHOM (Se)
U TesutypoM (Te)

AnHoTanus. B faHHO# pa6oTe paccMaTpPUBAIOTCSA KPAaTKUM 0630p OCHOBHBIX PabOT, MOCBSIIIEHHBIX
UCC/IeIOBAaHUI0 (OTOIIOMUHUCIEHIIMM B KPUCTA//IaX aHTUMOHHUJA Ta/UIUsl, a TaKXKe OCOOEHHOCTHU
30HHOH CTPYKTYpbI U KJacCUPHUKALUS NMPUMECHBIX COCTOSHUHU. [IpuBeseHbl GOTONIOMUHUCIEHIHUS
AHTUMOHU/IA TaJIJIMs, JIETHPOBAHHBIX CEJIEHOM U TeJUIypOM B JiMana3oHe KoHIeHTpanui (1017-9-10Y
cm3,1,8:1017-2-108 cm3) 11 cesieHa M TeslIypa COOTBETCTBEHHO. [Toka3aHo 4YTO GOTOIIOMUHUCIIEH IS
GaSb omnpepnessieTcs mepenajaMyd M3 30HbI NIPOBOJUMOCTH Ha BTOPOE MOHHU30BAaHHOE COCTOSIHUE
JIBOMHOTO NPUPOJHOTO aKientopa. PopMa U osi0’keHHe MaKCHUMyMa JIMHUN U3/Ty4eHHs ONlpe/iesIsieTCs
KYJIOHOBCKHUM MOTEHIIMAJIOM NPUMECH, AOMOJHUTEJIbHBIMU MHUHHMYMaMH30HbI HPOBOAMMOCTH U
pPE30HAaHCHBIMH NPUMECHBIMH COCTOSIHUMH CBSI3aHHBIMH C HUMH. BBIsIB/IEHO, UTO pas/inyue CIEKTPOB
GOTONOMUHHUCIIEHIIMN  KPUCTA/JIOB AHTUMOHHJA TaJl/IMs,COAepKAIMX pa3JIMuHble JOHOpPHbIE
npuMecu (cesieH, Tesulyp) 0GYCJOBJIEH BJIMSIHMEM pPE30HAHCHBIX MPUMECHBIX YPOBHEH CBS3aHHBIX
¢ L-MMUHUMyMaMHu 30HBI NPOBOAMMOCTHU. [IpoBe/ieHbl TeOpeTHYeCKHe pacyeThbl (OpPMbI CHEKTPOB
doTtomomMmuHucueHnui GaSb. [losokeHre MakCUMyMa U KOPOTKOBOJIHOBbIE KPBIJIO INHUH U3JTy4eHUs
MPaKTUYECKU ONpeJiesIsieTCsl MoJIoKeHneM YpoBHSA PepMu 4TO 06yC/I0BJIEHO PE3KUM BO3pacTaHUEM
NPO3payHOCTU Oapbepa MpHU yBeJWYeHUH SHEeprui 3/1eKTpoHOB.[I[pakTHYecKoe 3HAYEHHE UTOTOB
paGoThI B CTaThe CBSI3aHO TAKIKE C IMPOKUM HCIOIb30BaHHUEM ONTHYECKUX U POTOHOMUHUCLEHTHBIX
SIBJIEHUH B Pa3/IMYHbBIX TUIIAX [TOJYPOBOJHUKOBBIX TPHUOOPOB.

Kniwo4yeBblie c10Ba: GOTOMOMUHUCLEHIMS, IPUMECH, KPUCTALJ, PEKOMOUHALMS, KOHI[eHTpaLus,
YPOBEHb, 3HEPT U
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