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KOGERENT TO'YINGANLIK EFFEKTINI HISOBGA OLGAN HOLDA
KRISTALLARDA QUTBLANGAN YORUG'LIKNING BIR FOTONLI
YUTILISHI. 1 - QISM

Annotatsiya. Tetraedral simmetriyali kristallarda yengil va og'ir teshik
tarmoglaridan o'tkazuvchanlik zonasining tarmogqlariaro optik o'tishlar
natijasida yuzaga keladigan bir fotonli yutilish koeffitsientining spektral hamda
haroratga bog'ligligi hisoblangan. Bunda bir fotonli yorug'likning yutilish
koeffitsientiga kogerentli to'yinish effektining hissasi hisobga olinadi.

Kalit so'zlar: qutblangan yorug'lik, yorug'lik bir fotonli  yutilish
koeffitsientining spektral va haroratga bog'ligligi, tetraedr simmetriyali kristall,
kogerent to'yinish effekti.

Boxo6 PycramoBuu PacysoB

JoLeHT PepraHcKoro rocyZapCTBEHHOTO0 YHUBEPCUTETA.

®oppyx Kacumos

ripenoziaBaTesib AHAWKaHCKOTO TOCY/JapCTBEHHOT'O YHUBEPCUTETA.
Hypunno Y6aiiaysno oryisl Kogupos.

JOKTOpPaHT PepraHCKOro rocyJjapCTBeHHOT0 YHHBEpPCUTeTa.

MEJX30HHOE OJHO®OTOHHOE IIOI'JIOINEHUE
IIOJISIPU30BAHHOI'O CBETA B KPUCTAJIVTAX C YYETOM
ODPDEKTA KO'EPEHTHOI'O HACBIIIIEHUA. 1 - YACTbD

AHHOmayus. PaccuumaHa cnekmpanbHO-memMnepamypHasi 3agucumocmab
Koa¢puyuenma 00HO(pOMOHHO20 no2AOWeEHUsi ceema 8 Kpucmanaax
mempasdpuyeckoll cummempuu, o006yc1081eHHAs onmuyecKuMU nepexooamu,
NpouCcxXo0siWuMU U3 NOO30H /e2KUX U msidce/blx ObIPOK 8 30Hy NPOB8OOUMOCMLU.
Ilpu smom yuumbieaemcsi 6k1a0 3¢hhekma KoeepeHmMHO20 HACblweHUs 8
KO3(ppuyueHm noznoujeHust 00HO(pOMOHHO20 ceemd.

Knwueeble cnoea:  noasipu3ogaHHbill  ceem,  CneKmMpaabHasi U
memnepamypHas 3agucumMocms KosgguyueHma 0OHOPOMOHHO20 NO2A0UWEeHUs
cgema, Kpucmaiai mempasopuyeckol cummempuu, 3¢gekm Ko2epeHmMHO20
HACbIWeHUsl.


mailto:foruq7777@gmail.com
mailto:vrrasulov83@gmail.com

Voxob Rustamovich Rasulov
associate professor of Fergana State University.
Forrukh Kasimov
teacher of the Andijan State University.
Nurillo Ubaydullo ogli Kodirov.
doctoral student of Fergana State University.
INTERBAND SINGLE-PHOTON ABSORPTION OF POLARIZED
LIGHT IN CRYSTALS WITH ALLOWANCE FOR THE EFFECT OF
COHERENT SATURATION. 1-PART

Abstract. The spectral-temperature dependence of the coefficient of
single-photon absorption of light in crystals of tetrahedral symmetry, due to
optical transitions occurring from the subbands of light and heavy holes to the
conduction band, is calculated. In this case, the contribution of the coherent
saturation effect to the single-photon light absorption coefficient is taken into
account.

Keywords: polarized light, spectral and temperature dependence of the
single-photon light absorption coefficient, crystal of tetrahedral symmetry,
coherent saturation effect.

Introduction

As indicated in the first part of this work, the nonlinear absorption of
light in a semiconductor with a degenerate valence band, which is due to direct
optical transitions between the subbands of heavy and light holes and depends
on the state of radiation polarization, was studied in [1-8]. In these papers, it is
assumed that the nonlinearity in the intensity dependence of the single-photon
absorption coefficient arises due to resonant absorption saturation. This
saturation is due to the photoinduced change in the distribution functions of
light and heavy l}oles in the region of momentum space near the surface

Epy(K)- Ep(k)- hiw=0

corresponding to the resonance condition. Here,
I

En {kJ(E"’"{kJ)is the energy spectrum of heavy (light) holes, and is the frequency

of light.

In [1-10], the spectral-temperature dependence of the single-photon light
absorption coefficient was not calculated. This work is devoted to the solution
of this issue. For this, we consider various variants of single-photon interband
absorption of polarized light, which differ from each other by intermediate
states. In particular, in the case of single-photon interband absorption of light,
these intermediate states can be located both in the subbands of the valence
band, and in the conduction band, or in the spin-orbital splitting band. And also,
depending on the energy of photons, optical transitions can occur, which differ
from each other by initial states. In particular, in the frequency range

<Hm = +
E, =ho<E, A"“, optical transitions are allowed between subbands of light



hev=E +A

or heavy holes, but in the frequency range . *" optical transitions
from the spin-orbit splitting zone to the conduction band are allowed. Therefore,
haw

we will consider them separately, where is the photon energy, Eq is the band

gap, A5 s the spin-orbit splitting energy.
Calculation of the frequency-temperature dependence of the
intraband light absorption coefficient
Let us first consider the one-photon absorption of light between the

subbands of the valence band and the conduction band (at E, sheo <k, + 4, ).

Following [5-10], in further calculations of the spectral and temperature
dependence of the single-photon light absorption coefficient, we neglect the
light wave vector, i.e. we assume that the wave vector of current carriers in the
final (initial and intermediate) state). Then
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where (@) is the intensity (frequency) of light, /(") is the density of states

of current carriers involved in optical transitions, where the law of conservation
of energy is taken into account, © (#.L®) is the distribution function of current

carriers in the initial state, Ks is the Boltzmann constant, T'is the sample
E, (k)= (heo- E) J o

temperature, mo+m,, ’ ey =g kTR ’
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Fir | PR/ PLA Eran(Kram) , s the reduced effective

mass of current carriers, the form of which depends on the type of optical
transitions.
Now we need to calculate
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(it is these integrals that determine the averaged values of the matrix elements
of the considered optical transitions) where
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271c is the light
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intensity, <‘ ”'k"”k‘ > is the square of the absolute value of the matrix element
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wave vector® is determined from the energy conservation law. In particular,

ko =k JEH (.’H E }

for the optical transition considered above

et = m_m, (k):iﬂEd ( )__i

mo+m, 2m , am, - mAM) are the effective

masses in the conduction band and in the valence band, L =" ("h) gre for the
subband of light (heavy) holes.

Calculation of single-photon absorption of polarized light due to optical
transitions from the subband of light and heavy holes to the conduction band is
performed by the formula
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where 2m, is the energy spectrum of electrons in the conduction
EII I.‘: :ﬁ_'lk_'l
band, 2y s the energy spectrum of holes in the subband of light
_ Bk
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~ " “and heavy " "holes, m, is the energy spectrum of

holes in the spin-orbital splitting zone.
Then, from the energy conservation law, we have expressions for the
wave vectors of photoexcited current carriers involved in interband optical
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transitions  as ,  where
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m, iy, M.+, js the reduced effective mass of electrons and

holes.



The spectral-temperature dependence of the coefficient of interband
single-photon absorption of light, taking into account the latter relations, has the
form
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where /74, the distribution functions of photoexcited light and heavy
holes are defined as
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and the Fermi energy is determined by the relation
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Calculations show that the spectral and temperature dependences of the
coefficient of single-photon absorption of polarized light in GaAs, due to optical

(1 6}
... . K K.
transitions between the subbands of light ( “"”and heavy holes ( “"”and the

conduction band, as well as the resulting single-photon absorption of light, first

increases with increasing temperature and photon energy and reaches a
0) W
maximum, then falls. This behavior Kei and %o is due to the peculiarity of

the temperature Fermi energy, as well as the temperature and spectral
dependences of the distribution function of current carriers in the initial state.
Above, the temperature dependence of the band gap is not taken into account,
the inclusion of which will lead to a noticeable change in the spectral and
temperature dependence of the single-photon absorption coefficient of polarized
light.
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Conclusions

Thus, we have received:

1. Spectral-temperature dependence of the coefficient of single-photon
absorption of polarized light in GaAs, due to optical transitions between the
subbands of light holes and the conduction band, where the contribution of the
coherent saturation effect to the coefficient of single-photon light absorption is
not taken into account.



2. Results are obtained both with and without allowance for the

temperature dependence of the band gap.
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