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FREE -CARRIER ABSORPTION IN SIZE-CONFINED SYSTEMS IN A QUANTIZINQ
MAQNETIC FIELD
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Institute of Physics, Academy of Sciences,
Azerbaijan Republic, Baku-143. Pr. H. Javid 33.

The theory of free-carrier absorption is developed for size-confined systems in a quantizing magnetic field for the case where the carriers are
scattered by acoustic phonons via the deformation potential coupling and the radiation field is polarized perpendicular to the plane of the layer.
The free-carrier absorption coefficient is found for the case nondegenerate electron gas. The free-carrier absorption is found to be an oscillatory
function of the magnetic field. The obtained results are compared with those of the theory of free-carrier absorption in the absence magnetic field.

In the last years the size-confined systems in the presence of
a magnetic field have been the subject of numerous
experimental and theoretical investigations [1,2]. In quasi -
two-dimensional  systems magnetic field, which s
perpendicular quantum well, transforms the continium electron
and hole energetic spectrum to discrete spectrum. Appearance
of discrete level should essentially influence on optical
properties of quantum well structures. The theory for free-
carrier absorption in size-confined systems is well developed,
when the absence magnetic fields [3-6]. In these papers the case
when the radiation field is polarized parallel to the layer plane
is considered. The theory free-carrier absorption in n-type
GaAs films has been investigated [7] for two special cases: the
radiation field polarized parallel to the layer plane and the
radiation field polarized perpendicular to the layer plane. The
theory  free-carrier absorption in semiconductors in the
presence of a quantizing magnetic field has been studied [8]
and it was found that the free-carrier absorption coefficient
depends upon the polarization of the radiation field relative to
the direction of the magnetic field. When the radiation field is
polarized perpendicular to the applied magnetic field, then
cyclotron-resonance absorption of the radiation occurs. We are
interested here in extending the theory of free-carrier
absorption in nondegenrate semiconductors in quantizing
magnetic fields developed in [8] to the case of quasi-two-
dimensional semiconducting systems.

In this paper, we will present a calculation of free-carrier
absorption for longitudinally polarized radiation- in size-
confined systems in the presence of a guantizing magnetic field
with acoustic phonon scattered via deformation potential
coupling as the dominant scattering mechanism for the carriers.

For the size-confined systems we assume quantum well-

electrons, the one electron eigenfunctions W, and energy

eigenvalues E,; are given by
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where n=0,1,2..., 1=1,2,3,... d is the thickness of the layer

and m* is the effective mass of the electron. @, represents the
harmonic oscillator wave function centered at x,=R’k,

J
withR = (hc/ eH )A being the cyclotron radius, and

=eH/m*c the cyclotron frequency. n denotes the Landau level
index and 1 denotes level quantization in the z direction.

The free-carrier absorption coefficient can be related to the
quantum-mechanical transition probability for the absorption of
photons [8]
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Here ¢ is the dielectric constant of material, n, the number of
photons in the radiation field, f; is the free carrier distribution

i
function and the sum goes over all the possible initial states of
the system. The transition probabilities #; can be calculated

like structure with an infinite quantum well in the z-direction.  using . the. standard  second-order Bom golden rule
The magnetic field H is applied in a direction perpendicular to ~ @pproximation:
quantum-well layer (i.e., perpendicular to the interfaces).
Adopting a single-band spherical effective mass model for|
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Here E;, E, and E, are the initial, intermediate and final
state energies of the electron, Hj is the interaction Hamiltonian

]
between the electrons and the radiation field, Vv, is the

scattering potential due to the electron-phonon interaction, and
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h2and ho are the energies of the photon and phonon,

<k,n'l'|Hglk,nl >=

The matrix elements of the electron-photon interaction
Hamiltonian using the wave functions are

respectively.
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Here the radiation field is polarized perpendicular to the
plane of the layer,

The electron-phonon scattering potential when deformation
potential coupling is the dominant interaction mechanism is 8]
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Here gis the phonon wave vector, &, is the deformation

potential constant, p is the density of material, vis the sound

velocity, T'is the absolute temperature and 2, is the volume of
the crystal.

The matrix elements of the electron-phonon interaction
Hamiltonian, using the wave function of E, (1), are
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using Eg. (3)-(6) in (2) and also the following properties of the
integrals [9]
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we obtain the following expression for the free-carrier
absorption coefficient for acoustic phonon scattering
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Where we have used distribution function for a quasi-two-
dimensional nondegenerate electron gas in the presence of the
magnetic field
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Where y = Zexp(— E,l 27k BT) , N is the concentration of
1

the electrons and E,', =E,/h$2

In the quantum limit, # free-carrier absorption coefficient takes
the particularly simple form
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We replace the Dirac deita function in
Lorentzian of width I, .

From E, (7) and E, (8), it can also be seen that the free-
carrier absorption coefficient decreases with increasing photon
frequency and increases with increasing temperature. The free-
carrier absorption coefficient show oscillatory behavior with
magnetic field and decrease with increasing well width. The
magnetic field dependence of the free-carrier absorption is
From expression (8) and (9) we can express our results in terms
of the dimensionless ratio of the free-carrier absorption

E; (7) by a
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explained in terms of phonon assisted transitions between the
various Landau levels of the carriers.

Using the =zero-field expression for the free-carrier
absorption coefficient longitudinally polarized radiation in n-
type GaAs films for the carriers, which are scattered by
acoustic phonons [7]
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coefficient in the presence of the magnetic field to that in the
absence of the field
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In this form, the ratio depends only upon the magnetic field, rmaterial, although, of course, the absolute value of the
absolute temperature and photon frequency and does not absorption coefficient does depend upon the numerical values
depend upon such material parameters as the values of the of these parameters.
deformation potential, sound velocity, or density of the ‘
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MAQNIT SAHOSiNDB MSHDUD OLCULU SISTEMLORD®O SORBOST
YU KDASIYICILARINDAN ISIGIN UDULMASI

Olgiilis kvantlanma istiqgamatinde yénelen magnit sahesinde yerloson mehdud l¢iilii sistemlorde qefesin akustik regslerindan sepilen
halinda serbest yiikdastyicilarindan isigin udulmas: tedgiq edilmigdir. Elektronlarin cirlagmamis halinda bele sistemlarde udulma emsah
{igiin ifade alinmigdir. Mileyyen olunmusdur ki, udulma emsalinin maqnit sahesinden astlii ossillasiya xarakteri dagiyir. Alinmig natico
magnit sahesi olmayan halda olan naticelerle miiqayise olunmusdur.

I'.b. HGparnmosn

TMOTJOILEHUE CBETA CBOBOAHBIMH HOCUTEJISIMU B
PAZMEPHO-OT PAHMUYEHHBIX CUCTEMAX B MATHUTHOM IIOJIE

McclenoBans nornomeHHe HHpPaKkpacHOro 2MEKTPOMArHHTHOTO H3TYHCHMA cBOBGOJIHBIM KBA3MABYMEPHBIM JIEKTPOHHBIM T'a30M, paccesHue
KOTOPBIX TPOHCXOIMT Ha AKyCTHHECKUX KONCGaHMSX DEMICTKA B Pa3sMEPHO-OTPAHHHEHHBIX CHCTEMaX B MACHHTHOM TMOJE, HAMpaBIEHHOM
TApalIENbHO OCH TIPOCTPAHCTBEHHOTC KBAHTOBAHUA. IToayyeHsl BhIpakeHua s xoddduiMenTa NOTIOLEHN B Takolt CHCTeMe B Cityvae
HEBHIPOXIEHHOH CTAaTHCTHKH 3nekTponoB. Halineno, uTo 32BUCHMOCTH k03QHIMENTA NOTNOWCHNS CBETA OT MATHUTHOIO JIONZ HOCHT
OCLMLIALMOHHEH XapaKTep. [IpOBEIEHO CPABHEHHE NONYHECHHBIX PE3YNILTATOB C MMEIOLMMHCS LA cayyas 6e3 MarHUTHOTO MO,
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