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AbstracL A theoretical investigation of the photostimulated thermomagnetic effect by 
electrons in a semiconduclor superlallice (SL) in the lowest miniband is presenfed. The 
possibilily of controlling the thermopwer 01, rhe eleclron thermal conductivity x and 
lhe electmconductivily LT of lhe SL with the help of laser radiation is indicated. The 
parameters 01, x and were found to oscillate. The Hall constanl, the Righi-Leduc 
and lhe Maggie-Righi-Leduc effectS were calculated. The prospect of using the SL as a 
good-quality and highly efficienl thermoelement is also proposed. 

1. Introduction 

In recent years, it has become difficult to find any field of science where attempts are 
not being made to determine new phenomena. The advent of the laser has rendered 
these searches practicable. It is known that strong laser radiation can influence 
the kinetic phenomena in semiconductors by changing not only the concentration 
of carrier charges but also the scattering probability. It is also interesting to note 
that the presence of laser radiation can cause many effects in semiconductors, e.g. 
odd magnetosesistivity, longitudinal magnetoresistivity, transveme radio and acousto- 
electronic effects. Different mechanisms are responsible for these anomalies, but 
one mechanism which is well studied is the situation when laser radiation affects the 
scattering probability of conducting electrons with phonons and impurities. 

This mechanism is possible when the photon energy Tw is comparable with or 
greater than the average energy F of the carrier charge. In contrast, when Tw << F, 
a different non-linear mechanism comes into play. One such non-linearity is the 
case when the energy band of the semiconductor is non-parabolic (the dependence of 
electron velocity on its quasi-impulse is non-linear). The above-mentioned mechanism 
is more favourable in a semiconductor with thin forbidden and permissible bands 
which is known as a superlattice (SL). 

The photostimulated thermomagnetic effect in homogeneous semiconductors has 
been studied [1,2]. In [3], it is indicated that, to study the photostimulated kinetic 
effect in homogeneous materials, there is the need to consider the quadrupole 
deformation of the distribution function. In [4], it is proved that, in the presence 
of laser radiation, the thermomagnetic effect can exist in a fully degenerate 
semiconductor. 

In the present paper, the photostimulated thermomagnetic effect in a 
semiconductor SL is considered. It is necessaty to note that this allows the possibility 
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of controlling the thermomagnetic properties of the SL in a similar way to the case 
of the static conductivity of an SL [5]. 
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2. Theoretical analysis 

'Ib solve the problem under consideration, the nonquantized magnetic field H is 
directed along the 02 axis and is perpendicular to the SL axis (OX axis). The 
constant field E,, and the incident laser radiation E ( t )  = E,cos(wt) lie in the 
XOY plane. Eo and E ( t )  are not necessarily collinear but are perpendicular to 
H. E ( i )  makes an arbitrary angle 4 with the OX axis. Furthermore, we shall 
consider a quasi-classical case, Le. 2A is much larger than any other characteristic 
energy (h, h / r ,  eEud, dkBV,T or eE,d) where w is the frequency of the high 
field, 2A is the width of the miniband of the SI, d is the period of the SI, r is the 
relaxation energy of electrons, kB is Boltzmann's constant, e is the electron charge, 
h is Planck's constant divided by 2n, and VT is the temperature gradient. These 
conditions are necessary to confine the electrons in the lowest miniband and also to 
allow the use of the kinetic Boltzmann equation. The collision integral is taken in 
the r approximation, and further r is assumed to be a constant [6,7]. 

The distribution function f ( p , r ,  t )  of electrons in the lowest miniband of the SL 
is found by solving the kinetic equation 

a f ( P , . , t ) / a f  + [ a f ( P , . ,  f ) / a ? . l v ( P )  

+ e{E(t) + Eu + (l/c)[V(p),HllIaf(~,r,t)/a~l 
= - ( l / r ) [ f ( P , r ,  t )  - f d P ) l .  (1) 

Here V and p are the velocity and momentum, respectively, of the electrons. 
Equation (1) is solved in a linear approximation of E,,, V T  and H using the iteration 
method and the initial conditions f ( p ,  -CO) = f u ( p ) .  

The current density is defined as 

After inserting the solutions of equation (1) into equations (2) and (3) and averaging 
over the period of incident radiation, we obtain the current density 

2 r f w  
j .  = -=i d t / *  dt,/*' dt,exp (-?) t - t ,  

-m -m ' 2rrr 

x ( p + e ~ z * E ( l f ) d l ' )  - 
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+ dt/! dt,/!' d t2J t t  -CO dt,exp (-y) 
2arc  -CO -CO 

Here i, j and k are Cartesian indices. The summation over repeated indices is 
assumed. 

Analogously, the thermal-current density is expressed as 

9; = -% 2nr dt  [ dt, 1'' dt, exp (-7) 
-m -CO 

x K (p+ e 6 E(t')dt') 

x r d t / !  d t , f '  d t 2 r  dt,exp(-?) 

+ - ew 
2rcx  

-CO -CO -m 

The energy of the electrons in the lowest miniband is 

~ ( p )  = ( P l  + P:) /2m + A cos( P,d/h) (Q) 

and the velocity of the electrons is expressed as 

V ( P )  = I ( A d / h ) s W p , d / h ) ,  P , / m ,  P, /mI.  

We substitute equation (6a) and equation (6b) in equation (4) and equation (5) and 
solve the resulting equations for ji and pi ,  for a non-degenerate electron gas. The 
results are expressed as follows: 

j ;  = uik E; - ,Bik V k T  

Qi = 7;kE; - X i k  VkT 

(7) 

(8) 

where E' = E,,-VE. Since the representation of q; in terms of E' is not convenient 
when comparing theory with experiment, it becomes necessary to express q in terms 
of j and V T .  Hence, 
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The tensor components in equation (7) and equation (9) are uik (electrcconductivity), 
aik (thermopower), Ai ,  (thermal conductivity), and Pik and are given by 
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where j, = j ,  = 0 and V,T = 0. Then 

x ( a )  = (a,,~~'7'/e2)Ul + I2 + A*[MA*)/A(A*)l 

+ (A')' - (A')ZII,Z(A')/lf(A')I}s,n. (15) 

The difference x ( H )  - x(0)  defines the Maggie-Righ-Leduc effect. 

S = ( w l y k ~ T / x L c e ' ) U l  + I2 + A*[Io(A*)/I1(A*)] 

Thirdly the Righi-Leduc effect is expressed as 

+ (A')' - ( A * ) ' [ I ~ ( A * ) / ~ ~ ( A * ) l ~ s i n  (16) 

where xL is the lattice thermal conductivity and p is the electron mobility. 

3. Results, discussion and conclusion 

We have obtained analytic expressions for the electron conductivity, the thermopower, 
the electron thermal conductivity, the Hall constant, the Righi-Leduc effect, etc. It 
is observed that the presence of laser radiation makes the above-mentioned effects 
oscillate. This oscillation can be associated with the fact that the change in quasi- 
momentum in the presence of the incident Ap % e E l / w  can be compared with the 
size of the Brillouin miniband (about h / d )  and thus the dependence of the velocity 
on the incident radiation assumes an oscillatory character. 

It is worth noting that in the absence of the incident radiation our results assume 
the usual form, e.g. the Hall constant becomes R = (enc)-'. 

As indicated in [SI, in the presence of laser radiation the Onsager relations are 
not satisfied. The diagonal component of the effective conductivity tensor U,, in 
the direction of the SL axis contains a term linear in the magnetic field. Thus the 
magnetoresistivity pss % U;$ becomes odd and hence is referred to as the odd 
magnetoresistivity. 

Another interesting result can be obtained when J, (acosO)  Y 0 (acoss Y 

2.40, 2.52,. . .). In the absence of a magnetic field, U,, becomes zero, which implies 
that there are no current drifts in the direction of the SL axis, giving rise to a 
phenomenon referred to as the total self-induced transparency. However, the moment 
that the magnetic field is switched on, the current reappears. 

This photomagnetostimulated conductivity can be either positive or negative (i.e. 
the current will drift in the direction of the field or opposite to it) depending on the 
sign of the magnetic field and on the magnitude and direction of the laser radiation. 

For A < k,T and using the well known expressions for I, and I, at small values 
of the argument [9], in the absence of laser radiation, the thermopower aik and 
thermal conductivity Ai, become 
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where 
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E = kBTIn(?rh2n,d/mkoT). 

Equation (17), which is the thennopower along the SL axis, was Brst obtained 
by Shik [lo]. Equation (19), which is the expression for a quasi-two-dimensional 
semiconductor QWS, was obtained by Kubakaddi e& al [ll]. In [ll], it was stated 
that the thennopower is enhanced above its value in the homogeneous (bulk) 
semiconductor for lower values of d. 

In this theoretical investigation it has been obsewed that the presence of laser 
radiation enhances the thermomagnetic effem in an SL by the factors 0 ,  and 0,. 
These factors are amplitude dependent. Therefore, by changing the amplitude of the 
laser, the parameters and the effects mentioned earlier also change. In our opinion, 
an optimal selection of A and d for the SL can allow the use of an SL in the presence 
of laser radiation as a good-quality efficient thermoelement [7). 
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