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THE INFLUENCE OF THE HEATING OF THE CHARGE CARRIES
ON PROPAGATION OF HIGH-FREQUENCY ELECTROMAGNETIC
WAVES IN ELECTRON TYPE SEMICONDUCTORS

Kh.A. HASANOV, V.A. GUSEINOV
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The influence of the heating of the charge carries on propagation of electromagnetic waves of high frequency in non-degenerate electron
type semiconductors is considered. It is considered the case when the long wave phonons form “the thermal reservoir” in the lattice. The case
of normal skin effect is investigated. It is shown that the heating of the electrons leads to the considerable non-linear problem. The
dependence of the penetration depth of the wave on the amplitude of the incident wave is obtained in the mechanisms of the scattering of the

electrons both at the deformation potential and at the piezoelectric potential of the acoustical phonons.

Let us consider the propagation of high-frequency
electromagnetic waves in degenerate semiconductors having
one-type charge carriers (electrons) in the following model.
Let us suppose that the electron-phonon system are heated by
the field of the wave propagating in semiconductive crystal
and the subsystem of long wave phonons forms “the thermal
reservoir”. In this case in the boundary of the crystal the
energy got from the field are transferred to the medium at the
expense of the electron- phonon scattering. Let us accept that
the electron-electron scattering frequency is much less than
the electron-phonon scattering frequency. In this case
phonons are described by the Planck distribution of the
temperature T, and electrons are described by the Maxwell

distribution of the same temperature.
Besides, we accept than the characteristic length of field |
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where @ is the frequency of the external electromagnetic
field, V(Tp) is the electron-phonon scattering frequency

when the phonons are not heated and @, =eH/mc is the

cyclotron frequency of the electrons, where C is the velocity
1

of light in the vacuum, @, = (4mne*/ m)é is the plasma

frequency of electrons, I'(z) is the Gamma-function,
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where ¢ is the relative permittivity of the crystalline lattice.

From the comparison of the expressions (1) and (2) it is
visible that the electric conductivity depends on the strength
of the electric field considerably. This dependence leads to
the non-linearity.
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change is much less than the linear size of the pattern in the
direction of the propagation of the wave. It enables to
consider the semiconductor in which the wave is propagated
as a half endless one. To be satisfied the normal skin effect
the characteristic length is to be much greater than the wave
length in the medium and the characteristic length is to be
much greater than the electron mean free path by transferring
energy and momentum. Let us consider the case when the
falling onto the semiconductor and propagating in it is
circular polarized. This condition provides the time
independence of the isotropic part of the distribution function
for the electrons in the kinetic equation. Within all these
conditions on the charge-drift velocity of the electrons found
from the kinetic equation we obtain the following expression
for the electric conductivity of high frequency:
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l'is the electron temperature, T is the phonon temperature,
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E = \/gsom(a) — @, )/ € is the strength of the characteristic

field, t is the parameter characterizing the scattering
mechanism. When we have dealings with the high-frequency
waves @, /@w<<1l and the

electromagnetic waves

propagate in the direction of k”H "OZ, the Maxwell equation

is given by

E(2)=0, 3)

| Using [2], if we look for the solution of the equation (3)
as

E(z)=U(z)exp(i%j jn(z)dz, 4)
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we can obtain the equation |
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where N(Z) is refractive index of the medium. The  the deformation potential of the acoustical oscillation of the

condition L, >> A refuses the transformation of the wave lattice, i. e. when t = +1,

energy to the Joule heat by absorbing in the small thickness

of the medium. Here A is the wave length of the L = Wr o Cn E 1
electromagnetic wave in the medium. It means that the E 4 | w V(T ) E
electromagnetic waves penetrate till the definite depth. In that P

case the coordinate dependence of the refractive index of the
medium can be neglected and the equation (5) can be easily
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and in the case of scattering by the piezoelectric potential

integrated t=-1
7 2
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Here
2 And now let us perform the numerical estimation. For
the strength E =10E, of the electric field, if we take into
3WJr  wen 1 e !
£ = > 5 (7)  consideration the parameters n, =4, m=0.56m,,
S+t w v(T)) E _—
I —— 5 prrp 1+? n=2.5x10"cm of Ge and the field frequency

1 ®~3.2x10""Hz in the formula (8), we obtain L_ ~1.3x102cm

) ) ) for the attenuation depth of the electromagnetic wave.
is the penetration depth of the electromagnetic wave. In a

strong electric field ( o> 1] when the electrons scatter by
1
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elektromagnitnyie volny v plazme polurovodnikov i

X.A. Hasanov, V.A. Hiseynov

ELEKTRON TiPLi YARIMKEGIRICILORD® YUKSOK TEZLIKiLi ELEKTROMAQNIT DALGALARININ
YAYILMASINA YUKDASIYICILARIN QIZDIRILMASININ T3SIRI

isde elektron-fonon sisteminin gizmasinin elektron-kegiricilikli cirlasmamis yanmkegiricilorde yiiksok tezlikli elektromagnit
dalgalarninin yayilmasina tesirine baxiimisgdir. Bu zaman gafesde uzundalgali fononlarin “istilik rezervuar” yaratdiglar nazaro
alinmisdir. Normal skin-effekt arasdinlimigdir. Gostarilmisdir ki, elektronlarin qizdiriimasi nazara garpacaq qeyri-xattilik yaradir.
Elektronlarin ham akustik fononlarin deformasiya potensialindan, ham de pyezoelektrik potensialdan sepilme mexanizmlarinda
dalganin niifuzetma darinliyinin diigen dalganin amplitudundan asililiglari tapiimisdir.

X.A. T'acanos, B.A. I'yceiinoB

BJIMSIHUE HATPEBA HOCHUTEJIEA 3APSIJIA HA PACIIPOCTPAHEHUE BBICOKOYACTOTHBIX
SJEKTPOMAT'HUTHBIX BOJIH B [TIOJYITPOBOJHUKAX 9JIEKTPOHHOI'O TUITA

B paboTte paccMOTpeHO BIMSHHE HarpeBa CHCTEMbI 3JIEKTPOH-(OHOH Ha PAacHpOCTPAaHEHHE BBICOKOYACTOTHOH 3IIEKTPOMArHUTHOW
BOJIHBI B HEBBIPOXK/ICHHBIX 3JIEKTPOHHBIX MOIyHNpoBoAHUKaX. [Ipu 3TOM, paccMOTpeH ciydail, KOrJa B peleTke JUIMHHOBOJIHOBBIE (JOHOHBI
00pasyioT “reruoBoil pezepByap”. Mccmemyercst cimydaii HOpMabHOTO CKUH-3Qdekra. [lokazaHO, UTO pa3orpeB JIEKTPOHOB MPUBOIHUT K
CYILIECTBEHHO HEMMHEHHOII 3a1ayue.

Haiinena 3aBHCUMOCTP TITyOWHBI TPOHUKHOBEHHSI BOJHBI OT aMILTHTYIbI TAJAl0NIel BOJHBI B MEXaHU3MaX PAaCCEsHUS AJICKTPOHOB Kak
Ha JIle()OpMAIIMOHHOM NOTECHIUAJIE, TaK U Ha TIE303JICKTPHYECKOM MTOTEHIINANIE aKyCTUIECKUX (DOHOHOB.
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