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ANNOTATION 

This article presents scientific research on the interaction of current carriers with optical 

piezoelectric oscillations of gyrotropic crystal lattices 
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The temperature dependences of the momentum relaxation time and carrier mobility in 

semiconductors with a simple band are calculated taking into account the scattering of current 

carriers by pieoelectric vibrations of the crystal unit cell sublattices. 

In a number of crystals without an inversion center, mechanical deformation is accompanied 

by their polarization and the appearance of a piezoelectric field. The latter leads to an additional 

mechanism of current carrier scattering in piezoelectric crystals ([1]). 1To describe this type of 

scattering, we introduce the following electron–phonon interaction operator 

= e   , (1) 

where e is the elementary charge ( 0e - for holes, 0e - for electrons),  is the potential of the 

piezoelectric field . In what follows, we assume that the concentration of current carriers is 

sufficiently low, i.e., screening effects can be neglected, and using the Poisson equation and the 

linear relation between the components of the electrostatic induction and piezoelectric field 

vectors , it is not difficult to obtain the equations 
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 tensor of the permittivity of the crystal,  , is the piezoelectric tensor , u is the strain 

tensor [ 2], the indices  ,,,, take the values z,y,x , and the summation is implied by the 

repeated indices . 

As is known [1-3 ], the relationship between the components of the long-wavelength part of the 

atomic displacement operator for optical piezoelectric oscillations 
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and strain tensor u is described by the expression 
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where n1 ,  is the number of atoms in the elementary cell of the crystal, s,qb 


and  s,q
 is 

the annihilation operator and the phonon energy of the piezoelectric sublattice vibration -

relative to each other (branches s with momentum q


 ), ( )n


is the unit displacement vector of 

the atom with number n ,  is the density of the crystal. 

For convenience, we modify the potential  as 
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Then substituting (3) into (4) and obtained in (2) taking into account (5)

( ) ( )( )




+
















= qq

2
q

qq

2 nn

2
1

n,q

,

n,q





 , (6) 

Taking into account the last relation, we rewrite (1) in the form 
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where               
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 Note that for crystals of the type 53BA (crystal symmetry ) for which there is only one 

nonzero component of the piezotensor d   , ( xzy = yxz = zyx =  ), in the 

approximation linear with respect to u and with respect to the electric field strength, current 

carriers interact only with transverse optical piezoelectric phonons. For gyrotropic crystals of 

symmetry 3D (for example, tellurium), the interaction of current carriers with longitudinal 

optical phonons also takes place. and for crystals , which have two atoms in the unit cell, we 

rewrite (8) as: 
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, ( 9) 

The relaxation time of the momentum of the current carriers is determined by the formula 
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where k,k
W 

 is the probability of transition from state k


to k

with emission or absorption of an 

optical phonon, kkq


−= is the phonon wave vector. 

 In the spherical approximation of the energy spectrum of current carriers ( ) 
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in crystals of the gallium arsenide type with a simple band, the temperature dependence of the 

pulse relaxation time is determined by the relation ; 
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where ( ) ( )242222 yxzxzyzyx qqqqqqqkkkkdk  ++−= −




, 
12 m2k −

 =  , 

( )0qs,q ==


 is the average frequency of piezoelectric oscillations of the sublattices, n is the 

distribution function of optical phonons, and  the -function describes the energy conservation 

law. 

  Note that the last integral cannot be solved analytically, and therefore we will analyze it 

in two limiting temperature regions:  Bk and  Bk , Bk is the Boltzmann 

constant, T is the temperature. In these temperature ranges, we have: 
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=k respectively, and the pulse relaxation time is determined by 

the expressions [ A 6]: 
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For completeness of the problem, we present below an expression for the temperature 

dependence of the mobility of current carriers in the temperature ranges considered by us: 

m

e
= , where  is determined by the relations for the quantities: 
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piezo and , 
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 where it is 

necessary to replace →kk 2,1 Here 
2
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Note here that the determination of the temperature dependence is и easily generalized 

for an isotropic crystal with a complex band. In this case, when calculating, one must keep in 

mind that the wave functions of current carriers also depend on the number of band branches. 

We also note that this case plays an important role in studies of both classical (for example, the 

Dember effect ) and polarization photovoltaic effects, the latter of which depends on the 

polarization state of the exciting light [ 4]. 
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