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SEMICONDUCTOR SUPERLATTICES 

AND THEIR PROPERTIES : AN INTRODUCTION

In this chapter we present a brief introduction to superlattices of various types and the 

modulation doping. A review of the work done on collective excitations, Light scattering, Elec

tron -electron scattering and Electron-impurity scattering is also reported in this chapter. The 

review work is based on the recent work carried out on semiconductor superlattices.

1.1 Introduction to Semiconductor Compositional Superlattices

The fabrication of artificial structure materials such as superlattices has been possible 

through the advancement in growth techniques, like molecular beam epitaxy (MBE), A semicon

ductor superlattice (SL) consists of alternating layers of one or more semiconductors. Research 

on synthesized semiconductor superlattices was intiated with a proposal in 1969-1970 by Esaki 

and Tsu: a one-dimensional periodic structure consisting of alternating ultrathin layers, with its 

period less than the electron mean free path. In Figure 1.1, such a superlattice structure is shown. 

The electron mean free path, an important parameter for the observation of quantum effects , 

depends heavily on crystal quality and also on temperature and the superlattice period, layer 

thickness (determining width of potential wells or barriers), are reduced to less than the electron 

mean free path, the entire electron system enters into a quantum regime with the assumption of the 

presence of ideal interfaces, as illustrated in Fig. 1.1.

The introduction of the superlattice potential clearly perturbes the band structure of the 

host materials. The degree of such perturbation depends on its amplitude and periodicity. Since 

the superlattice period (d) is usually much greater than the original lattice constant, the Brillouin 

zone is divided into a series of minizones, giving rise to narrow allowed subbands separated by 

forbidden regions in the conduction band of the host crystal, as shown at the top of Fig. 1.2. Thus, 

this results in a highly perturbed energy-wave-vector relationship for conduction electrons, as 

schematically illustrated at the bottom of Fig. 1.2. Figure 1.3 shows the density of states p (E) for 

electrons in a superlattice in the energy range including the first three subbands: E} between a and 

b, E2 between c and d, and E3 between e and f (indicated by arrow in the figure), to be compared 

with the parabolic curve for the three-dimensional electron system and the staircase like density
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SUPERLATTICE

CRYSTAL QUALITY OR 
DECREASING TEMPERATURE

Fig.1.1 Schematic illustration of a quantum regime (hatched) with a 

Superlattice.
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Fig. 1.2 Potential profile of a superlattice (top) and its energy-wave 
relationship in die minizones.
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Fig. 1.3 Hie comparison of the density of states for the three- 
dimensional and two-dimensional electron system with that of a 
superlattice.
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of states for the two-dimensional system. Although the situation is analogous to the Kroning- 

Penney band model, it is seen here that the familiar properties are observed in a new domain of 

physical scale. In an extreme case, where quantum wells are sufficiently apart from each other, 

allowed bands become discreat states, and then electrons are completely two-dimensional, in 

which the density of states is illustrated by the dashed line in Fig. 1.3.

1.2 Types of Semiconductor Compositional Superlattices

The compositional superlattices consist of a periodic sequence of thin layers of alternat

ing composition The lattice parameters of two constituent layers in this superlattice are almost 

identical. There can be three types of compositional SL’s depending upon matching of band gap at 

a heterointerface.

(a) Type-I GaAs/AlGalx As Superlattice

(b) Type-n In^ GaAs/GaSb, yAs Superlattice

(c) Type-ffl : InAs/GaSb Superlattice.

(a) Type-I

In the type-l, the conduction and valence band-edge discontinuities A & and A Ev have 

opposite signs, and the energy gaps Eol lies entirely within EaT In case of type-I superlattice it is 

found that the quantum well are formed for electrons within the smaller gap semiconductor layers. 

Hence, type-I SL’s have a direct energy gap in real space.

(b) Type-II

In the type-II compositional SL’s, the conduction and valence band-edge discontinuities 

A Ec and A Ev have the same sign and the energy gaps Eg! and Eg2 overlap only partly or are 

separate In this case, the quantum well for the electrons are formed by one material, while that 

for holes by other one. Hence type-II SL’s have an indirect energy gap in real space.
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(c) Type-IH

The type-III or poly-type SL is a tripple constituent SL. Such a type of SL can be obtained 

by addition of Alsb layers in the InAs-Gasb system. In type-III SL (InAs/GaSb) separation of 

electrons and holes takes place due to the transfer of charge from wider gap, (GaSb) to smaller 

gap (InAs) because of unusual line up of energy bands. For layer thickness (< 170 A ), type III 

heterostructures are found to be semiconductor exhibiting spatial separation and confinement of 

electrons (in InAs) and holes in (GaSb) which are thermally excited. On the other hand for layer 

thickness (>170 A) type III heterostructure behave as semimetal containing electrons (in InAs) 

and holes (in GaSb) even at zero temperature. Thus type III heterostructures offer a new class of 

materials where 2DEG formed in InAs coexists with a 2DHG of some density formed in GaSb 

side.

(d) Modulation Doping

In order to increase the number of free carriers in the superlattice, one dopes the GaAlAs 

system with a donor (usually Si) in GaAs/AlAs superlattice. This is reffered as modulation 

doping. The modulation doped SL’s consist of periodic alternate electron layers. The main 

advantage of the modulation doping is the spatial separation of the quasi-free carriers from parent 

ionized impurities.

1.3 Doping Superlattices or n-i-p-i Structures

The doping SUs are composed of a periodic sequence of semiconductor layers of alter

nating doping. In the n-doped layers donor atoms contribute electrons, while the p-doped layers 

accepter atoms bind electrons. Hence the periodic potential in doping SL’s is exclusively space- 

charge induced. Doping SL’s are homogeneous semiconductors which are modulated by the 

superpositon of the periodic superlattice potential. The doping superlattice differs from compo

sitional supperlattice in a very important respect: their electronic properties are “tunable”. This 

term means following: In doping superlattice band gap, subband structure, and carrier concentra 

tion are not only properties which can be predetermined by appropriate choice of the design 

parameters, but they become quantities which can be varied from outside within a wide range in
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a given samples. Thus, doping superlattice form a new class of semiconductors in which the 

electronic properties are no longer fixed material parameters but tunable qunatities. Apart from 

the possiblity of designing a semiconductor with certain features, a property which compositional 

and doping superlattice have in common, the electric and optical properties for a given n-i-p-i 

crystals may be modulated within a wide range of values. Because of this tunability n-i-p-i crys

tals exhibts a lot of intriguing properties.

Moreover, such structure represents a particularly interesting model substance for the 

study of the properties of dynamically two-dimensional many-body systems with variable carrier 

concentration . The conductivity in doping superlattices differs in two fundamental points form 

their heterostructure counterparts:

1. The transport parallel to the layers is tunable within wide limits and generally involves

electrons and holes.

2. The transport in the direction of periodicity in the case of n-i-p-i semimetals is dominated

by electron-hole generation and recombination processes between n and players.

1.4 Strained Superlattices

The SL’s considered hitherto are composed of lattice matched semiconductor materials. 

If the lattice-mismatch ( a a/a, being the lattices parameter) is larger than 0.5%, it is also possible 

to grow SL’s with essentially no misfit dislocation by means of MBE. This is the case, in which 

the layer are thin enough that the lattice mismatch is accomodated entirely by homogenous strains 

of the layers. The homogenous strain induces some interesting modifications of the SL properties 

one example for strained-layer SL’s is the GaSb-AlSb system with a lattice misfit of 0.7%. The 

strain induces a decrease of each band gap and a reversal of heavy - and light hole bands. This 

leads to a strong non parabolicity of the kane band structure. The well known example of 

strained superlattice is Si-Si, xGex. Strain superlattice can differ from compositional superlattice 

in a very important manner. The lattice parameters of two constituent semiconductors in a 

compositional superlattice are almost identical, while the lattice parameters of consitituent semi

conductor are not identical in strain superlattice.
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1.5 Coupled Plasmon-Phonon Modes

The collective, excitations in a quasi- two- dimensional electron gas and in type-I 

superlattices are used to predict the spectrum of inelastic light scattering by collective excita

tions. Light scattering experiments are at present the most important way to probe the collective 

excitations. Collective excitations in a two- dimensional electron gas (2DEG) have been studied 

extensively for the last couples of years. Following is the review of the work done on collective 

excitations in recent years.

Collective electron excitations of a two-dimensional square lattice has been studied by 

calculating a frequency and wave-vector-dependent dielectric function e(q,co) within the ran

dom phase approximation by Latge et al. [1], Both the dispersion relation of long-wavelength 

plasmons and the energy-loss function Im[ lie (q,oj)] has been numerically obtained for different 

values of the electronic concentration n For low values of n results are described by the effec- 

tive-mass approximation. As n increases, the Fermi level moves to regions in k-space where the 

band structure strongly deviates from that of free electrons, and the appearance of structure in the 

enrgy-loss spectrum can be observed. It is found that for all values of n , the long-wavelength 

behaviour of the plasma frequency, a p{q) can be described by a two-dimensional free-electron 

model provided a renormalized value of the electronic effective mass is introduced. Dimitril et 

al. [2] presented a theoretical study of the dielectric response and collective excitations of a two- 

dimensonal system of bosons interacting via a dipolar interaction. They designed a model which 

simulates the situation occuring in semiconductor double quantum well systems under strong elec

tric fields applied perpendicular to the layers. The applied field produces a net polarization of 

photoexcited electron and hole carriers and favours the appearance of long-lived polarized exci- 

tons. This gas of interacting point dipoles shows interesting features of low dimensional and' 

statistics. Well defined density fluctuation excitations appear at low temperatures with a linear 

dispersion relation at long wavelengths. The low dimensionality of the system gives rise to an 

effective long ranged potential with only a faster power low decay.

The dielectric response of planar Fermi Plasma in the presence of a constant external 

magnetic field has been studied by Bardos and Frankel [3], They derived conductivity tensor in 

the random phase approximation taking into account the effects of the spin of the electron.
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Inclusion of spins makes a significant difference between this work and the previous studies, 

which ignored the intrinsic spin of the electron. In studying the dispersion relations for the elec

trodynamic modes of the plasma in an external magnetic field, it is necessary to observe that the 

longitudinal and transverse modes are coupled. These coupled modes have been investigated in 

some detail in this paper. The dielectric response of a planar Bose plasma in the presence of a 

constant external magnetic field has also been studied by calculations in the self-consistent ran

dom-phase approximation [4], The tensor components dynamical conductivity are evaluated at 

zero temperature, leading to explicit dispersion relation for the electrodynamic modes of the 

plasma. For plasma layers, longitudinal and transverse modes are in general coupled, which has 

been investigated in detail.

Plasmon-phonon coupling in the doped short period GaAsn /AlAsm tunneling superlattices 

was investigated [5], Plasmon energy was shown to increase with barrier with decreasing, that j? 

rise phonon-plasmon coupling and charges localised phonon spectrum. Raman spectra observed 

may be interpreted as folding of plasmon-phonon dispersion calculated in Lindhard-Kermin ap

proximation, weak electron tunneling causes shift of localized phonons energies. In case of two 

monolayer barrier, 3D-like behaviour of plasmons was observed. The density-density correla

tion function has been calculated for a modulation-doped GaAs/AlAs superlattice which was 

modelled to be an infinite periodic sequence of layers which consists of two dissimilar layers, 

one of GaAs and the other of AlAs, per unit cell [6], The conduction electrons are assumed to be 

confined to GaAs layers. The calculation shows that, although the electron gas is confined in the 

GaAs layers, the plasma oscillations can interact with the lattice vibrations of both GaAs and 

AlAs. The interaction between AlAs lattice vibrations and the plasmons significantly contributes 

to the light-scattering spectrum. It was therefore argued that the experimentally measured fre

quencies of the coupled plasmon- phonon modes and their lineshapes for a modulation-doped 

GaAs/AlAs superlattice cannot correctly be described by the theoretical calculations which had 

been performed for a layered electron gas embedded in a homogenous dielectric background.The 

plasma oscillations of an electron gas and a hole gas in a GaAs doped superlattice were studied 

by Sharma & Sen [7]. The doped superlattice was modelled to be a one-dimensional periodic 

sequence of electron and hole layers embedded alternatively in a homogenous polar dielectric 

host medium. The density-density correlation function was calculated for a model structure in 

order to study the plasma-phonon coupled modes. The strong charge carrier - impurity scattering
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which results from random doping impurities in the electron (hole) layers, was taken into ac

count by choosing appropriate polarizabilities for intrasubband- intersubband transitions and the 

harmonic oscillator wave function as electron (hole) envelope functions. The calculation demon

strates that the presence of random doping impuritites plasma modes in a GaAs doped superlattice 

can be observed for restricted values of wavevector. In the 2D limiting case, the plasma fre

quency in a doped superlattice is approximately proportional to (q2-q2c)1/2 while for a modulation 

doped superlattice (such as GaxIn, x As/GaAsySb, ) it is proportional to q, for small q-values. qc 

is the critical value of the in-plane wavevector q. They have also calculated lineshapes of coupled 

plasmon-phonon modes for doped superlattice.

A calculation of magnetoplasmons and their line shapes for a doped superlattice and a 

compositional type-II superlattice has been performed for the case when static magnetic field is 

applied along the direction of superlattice [8], Calculation of polarizability of two-dimensional 

electron (hole) gas, for all possible transitions between Landau levels has been made. The fre

quencies of magnetoplasmons and their line shapes are then computed for a GaAs doped superlattice 

and for InAs/GaSb compositional superlattice for 0 -» 1,0 -> 2 and 0 -> 3 transitions by assuming 

that only ground Landav level (n=0) is filled. InAs/GaSb superlattice exhibits three bands of 

magnetoplasmons for each of electron as well as hole gas. In case of GaAs doped superlattice 

only one band of magnetoplasmons is obtained for holes, whereas three bands are obtained for 

electrons, because of high value of single particle scattering damping parameter for a doped 

superlattice as compared to that for a compositional superlattice. The computed line shapes of 

magnetoplasmons exhibit reasonable peak height and peak width which can be measured experi

mentally for right choice of values of superlattice parameters.

Some of the shortcomings of theoretical work done on plasmons and plasmon-phonon 

coupled modes in semiconductor superlattices are as follows; (i) single particle relaxation time 

was treated as a parameter in phenomenon-logical manner, (ii) dielectric and effective mass mis

match at heterointerface has been ignored and (iii) interaction of intrasubband and intersubband 

transition on varying period of a superlattice was not considered in a proper manner. This has 

been a motivation of our work on plasmons and plasmon-phonon coupled modes, which has been 

presented in this thesis.
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1.6 Light Scattering in Superlattices

Several light scattering experiments has been performed on superiatttices. Inelastic light 

scattering by electron excitations with large wave vectors in a 2D magnetoplasma has been 

studied by considering microscopic mechanism of inelastic light scattering in an interacting elec

tron plasma in semiconductor heterostructure. In the dipole limit, the cross section consists of 

two main contributions: the first is related to a disorder induced mechanism and the second 

arises from the Coulomb interaction. The spectra of disorder-induced light scattering are de

scribed in terms of correlation function of a random potential. The spectrum induced by the 

Coulomb interaction arises from two-quasi particle excitations [9], The calculation of low-fre

quency Raman scattering by longitudinal acoustic phonons in superlattices has been performed, 

where phonons are treated as elastic waves propagating in a continuum and their mode patterns 

has been calculated by a transfer-matrix method. The electromagnetic propagation was calcu

lated neglecting reflections and refractions at the interfaces, through the use of the same index of 

refraction for both constituent materials. The use of a complex refraction index allows for ab

sorption effects to be included [10], A theoretical calculation of the Raman scattering cross 

section for palsmon-polaritons in a quasiperiodic superlattice that follows the Faboncci sequence 

has been carried out. The green functions,necessary to find the Raman cross section, has been 

determined by linear response theory. Numerical prediction of the Raman spectra are compared 

with recent experimental data [11]. Raman spectroscopy has beeen used to study intersubband, 

transition in InAs/AiSb single quantum wells grown by molecular-beam epitaxy on (100) GaAs 

substrates using strain-relaxed AlSb or GaSb buffer layers [12]. From the measured energies of 

the coupled longitudinal optical phonon -intersubband plasmon modes the single particle transi

tion energies between the first and second confined electron subbands were deduced as a function 

of the width of the pseudomorphically strained InAs well. Subband spacings calculated including 

the effects of strain and non-parabolocity were found to be in agreement with the experimental 

transition energies. For a given well width, the two-dimensional electron concentration deduced 

from Raman measurements was found to be lower than the concentration measured in the dark by 

Hall effect, but showed a significant increase with increasing optical excitation intensity. Raman 

scattering by longitudinal-optical (LO) phonon-plasmon coupled (LOPC) mode in carbon -doped 

p-type InGaAs with indium composition (x=0.3) and hole concentration from 10nto 1019 - cm'3 

grown by metal organic molecular beam epitaxy was studied experimentally [13], Only one
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LOPC mode appears between the GaAs-like and InAs-like LO modes was observed. The peak 

position of the LOPC mode is near the GaAs-like transverse-optical mode frequency and is insen

sitive to the hole concentration. The line width and intensity of the LOPC mode are dependent 

strongly on the carrier concentration, while the two LO modes decrease and become invisible 

under the high doping level. It was shown that plasmon damping effect plays a dominant role in 

Raman scattering by LOPC mode for the p-type InGaAs. Resonant Raman scattering by optic and 

acoustic phonons in GaAs/Alx Ga, x As multiple quantum wells in high magnetic fields has been 

studied by Ruf and Cross [14]. The Raman efficiency exhibit pronounced magneto-oscillations at 

interband transitions between Landau levels from which they determined nonparabolicity and 

anisotropy effects of the electron effective mass. Intersubband transitions in InAs/AlSb quantum 

wells has been studied by resonant Raman scattering [15]. For optical excitation in resonance 

with the E, band gap of InAs, both high-and low-frequency coupled longitudinal-optical phonon 

intersubband plasmon modes are observed. From the measured energies of these plasmon modes 

the single-particle transition energies between the first and second confined electron subband 

were deduced as a function of the InAs well width . Good agreement was found with subband 

spacings predicted by theory including the effects of strain and nonparabolicity. InAs/AlSb 

surface quantum wells, where a pseudomorphically strained InAs quantum well is grown on an 

AlSb buffer layer without an AlSb top barrier, also show well-resolved intersubband plasmon 

modes, indicating higher-electron mobilities than those typically found in the surface inversion 

region of thick InAs layers. Resonant Raman scattering was used to study an InSb/In, xAlSb 

strained-layer superlattice and the InSb and In, xAlxSb parent materials [16]. Resonant enhance

ment peaks were observed in epilayer films in the regions of the E, and E,+ A. optical gaps. In 

the superlattice, two sets of peaks observed in the plots of the Raman cross section versus exciting 

photon energy are shown to originate from the independent electronic transitions in the altematr 

ing layers. The calculated resonance Raman profiles for two phonons in the alloy layers are in 

reasonable agreement with experiment. Raman scattering has been used to study a variety of 

InSb/In, xAlxSb strained -layer superlattices grown by magnetron sputter epitaxy [17] The ob

served frequencies of zone-folded longitudinal acoustic phonons agree well with those calculated 

using Rytov’s theory of acoustic vibrations in layered media. The intensities of these phonons do 

not coincide with those ealculatd within the regime of the photoelastic mechanism for lighting 

scattering because the exciting light energy is close to resonance with superlattice electronic 

transitions. The longitudinal optic phonons in In, xAlxSb layers exhibit two-mode behaviour and 

their shift due to intralayer strain is discussed
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1.7 Electron-electron and Electron-impurity scattering and its implications

The effect of electron-electron (e-e) interaction on transport in bulk like systems of vari

ous dimensionalities is still an area of active research to this day, both experimentally [18,19] and 

theoretically [20,21], On the face of it, it would seem that in the case of doped parabolic band 

semiconductor, where Unklapp processes are negligible, e-e scattering should not effect the lin

ear transport properties of bulk like systems [purely quantum effects such a weak-localization 

corrections excepted], since an e-e scattering event conserves the total current in the system. 

Neverthelesss, it has been appreciated for a long time that e-e scattering can affect the mobility of 

a system semiclassically by scattering carriers into or out of parts of the Brillouin zone that are 

strongly affected by the other available scattering mechanism [22,23]. Much work has been done 

in this field. Over the past several decades, two-dimensional electron systems (2DES) have been 

extensively studied for both their fundamental and technological interest. The 2DES in high 

mobility GaAs/AlxGa, xAs heterostructures has become an especially suitable systems for study

ing electron-electron scattering effects, because of the reduced effect of impurity scattering aris

ing from the modulation-doping technique. Many properties of the 2DES are strongly influenced 

by the presence of electron-electron interactions. One most one most important property is the

broadening of the electronic states by inelastic Coulomb scattering, which plays a major role in 

many physical process, such as tunnelling [24], ballistic hot electron, transport [25,26] and local

ization [27], The asymptotic properties of Coulomb scattering in a 2DES are well established 

from the existing theoritical work [28-33], The electron inelastic lifetime, x. in a pure 2DES 

becomes zT‘(£)cc<f for £ » £ » kBl\ and C ‘(T) a Tzln T for^ » kBI'» £ where 

£ is quasiparticle energy with respect to the Fermi energy gp, kB and T are the Boltzmann constant 

and temperature, respectively. Earlier experimental work on the inelastic lifetime of 2DES fo

cused on the dephasing time [34], while the recent experiment on tunneling in a double quantum 

well structure directly measures the inelastic broadening [35] The inelastic quasiparticle life

time due to electron-electron interaction in a single loop dynamically screened Coulomb 

interaction within random-phase approximation has been calculated. It has been found that the; 

excellent quantiative agreement with the inelastic scattering rates in the tunnelling experiment 

without any adjustable parameter [35], Inelastic lifetime of confirmed two-component electron 

systems in semiconductor quantum-wire and quantum-well structures has been investigated theo

retically [36], It has been found that the scattering rate of a two-subband quantum wire is quite
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different from that of a one-subband quantum wire because of momentum and energy conserva

tions are less restrictive on scattering processes in two-subband systems where additional scat

tering channels are available. The inelastic Coulomb life time vse of a quasiparticle near of the 

Fermi surface of a 2DES has been investigated [37], It has been found that at low temperature 

1 / ree behaves like T2 In T. At small quasi particle excitation energy, the leading contribution to 

1 / ree is inversely proportional to the electronic density and does not depend upon the electric 

charge. The role of electron-electron scattering in the dynamics of intersubband relaxation in 

GaAs quantum wells has been investigated theoretically [38], The scattering rate has been 

calculated using the Fermi golden rule, as a fimction of the carrier densities. The dependence of 

the intersuband relaxation time on the quantum well width is also investigated. Results show that 

the electron -electro scattering increases linearly as a fimction of the carrier densities. Band

filling effect limits the efficiency of this meehan sm under high carrier densities. Energy and tem

perature-dependent life time of an electron on a cy indrieal Fermi surface has been investigated to 

study the influence of Fermi-surface geometry on the lifetime of an electron due to its interaction 

with other electrons. At zero temperature, the dominant energy dependence of the inverse lifetime 

or the decay rate is rjln^ | for small values of the parameter s, which is the electron energy 

relative to the Fermi energy. At finite temperature the decay rate leads to an electrical resistivity 

proportional to 7'2 jin AT / ju\ instead of the T2-dependence characteristic of a spherical Fermi 

surface, where ju is chemical potential. Similar calculations (using Fermi golden rule) for a 

spherical Fermi surface has also been done exactl at zero temperature [39], Electron-electron 

relaxation time in heterostructure has been studied in two different double quantum - well systems 

by Reizer & Wilkins [40] . They considered both intralayer and interlayer screened electron- 

electron interaction and include a contribution beyond the simple golden-rule result. In particula 

they found that (i) including a no golden-rule contribution of the same order in the interaction 

always reduces of the rate, (ii) as a result the intralayer golden-rule contribution is signifi°antly 

smaller than all published calculations, and (iii) while included interlayer scattering may in

crease the rate, it is still less than the measured rate in a wide double-quantum-well system. 

The inelastic electron-electron scattering rate in strongly coupled quantum wells has been inves

tigated [41], Both intrasubband and intersubband scattering processes has been considered The 

theoretical results are compared with experimental data obtained from the analysis of the resis

tance resonance measured on GaAs/Alx Gal-x As heterostructures in the presence of an-plane 

magnetic field. Electron-electron scattering in linear transport in two-dimensional systems has
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been studied by Hu and Flensberg [42], They described a method of electron-electron scattering, 

including full finite-temperature dynamical screening , exactly in the Boltzmann equation, for 

small deviations of the distribution function from equilibrium. Using this method, they calculated 

the distribution function and mobilities for electrons in GaAs quantum well. They found a well- 

defined crossover from ju0 to (which can be significantly different from each other) when the 

e-e and impurity scattering mean free paths are equivalent. For certain parameter studied, e-e is 

responsible for reduction in the mobility of upto 40 %. ju0 to are mobilities without e-e 

interaction and with large e-e interaction, respectively

A study of relaxation time for electron-electron interaction in superlattice of type I and II 

has been performed by us, which is reported in chapter IV Basic object of our study is to see the 

effect of intralayer and interlayer interactions in a superlattice.
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