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الملخص 

بئر الجهد الكمي الاحادي لا الكترون في -معدل تشتت الكترونفي هذا البحث تم دراسة 
نهائي الارتفاع ذو عرض 



A ولحالتين من كثافة الحاملات  400
(1  10

10
 cm

-2
 and 100  10

10
 cm

-2
الكترون -تشتت الكترون لقد اخذ بنظر الاعتبار ،(

لكل اليات تشتت  (screening)لكترون الابتدائية بوجود وعدم وجود حجب كدالة لطاقة الا
. الكترون في الحزم الفرعية-الكترون

 

Abstract 
In this paper we have studied the electron-electron scattering rates in an 

infinitely deep single quantum well with width (400 


A ) and for both carrier 

densities (1  10
10

 cm
-2

 and 100  10
10

 cm
-2

), we have considered the 

electron-electron scattering as a function of the initial electron energy with 

and without screening at all subband carrier-carrier scattering mechanisms. 

 
Introduction 

Fermi's Golden Rule describes the lifetime of a particle in a particular 

state with respect to scattering by a time-varying potential. For phonon 

scattering, this harmonic potential is derived from the phonon wave 

function, which is itself a traveling wave. For the case of one carrier 

scattering against another due to the Coulomb potential, there appears to be 

no time dependency. The Born approximation is often cited in the literature 
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when discussing carrier—carrier scattering (the transition of electron 

between two levels in the band); this is just a way of working scattering 

from a constant potential into Fermi's Golden Rule. This is achieved by 

considering that the perturbing potential is 'switched on' only when the 

particle reaches the same proximity. Therefore, the perturbating potential 

appearing in Fermi's Golden Rule for the interaction of two isolated carriers 

is the Coulombic interaction. Now the initial and final states, |i and |f, 

respectively, of the system both consist of two electron (or hole) wave 

functions, as carrier–carrier scattering is a two-body problem, and thus there 

is a much greater variety of scattering mechanisms possible than in the 

essentially one-body problem encountered in phonon scattering
[1,2]

. 
 

Theory 
In a N-level system there are (4

N
)
[2]

 different scattering events. In this 
two-level system these are as follows: 11–11, 11-12, 11-21, 11-22, 12-11, 
12-12, 12-21, 12-22, 21–11, 21-12, 21-21, 21-22, 22-11, 22-12, 22-21, and 
22-22. Note that completely different events of the type (ij-fj) are possible in 
quantum wells with three or more subbands, and interactions of this type 
have been shown to be important in optically pumped intersubband 
lasers

[3,4]
. 

the matrix element in Fermi's Golden Rule be expressed as by: 

 

 
 
                                                                                                                     -(1) 
where the subband indices of the initial states are labelled 'i' and 'j' and those 
of the final states 'f' and 'g'. The decoupled form of the wave functions, with 
a component of the motion confined along the z-axis and an in-plane (x-y) 
travelling wave, suggests that the integrals should be evaluated across the 
plane and along the growth axis, and that the separation of the carriers be 
expressed as

[5,6,7]
 

                           
                                                                ----------------(2) 

 
Therefore obtain: 
 
 
 
 
 
                                                                                                        --------- (3) 
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followed earlier methods for carrier–carrier scattering in bulk and took the 

two-dimensional Fourier Transform of the Coulombic potential to give
[8]

 

 

                                                                                                         ----------(4) 

 

 

 
 

                                                                                                              ------(5) 

 
 

Using the form for the matrix element shown in equation (4) and then 

substituting directly into Fermi's Golden Rule gives the lifetime of a carrier 

in subband 'i' as follows: 
 

 

                                                                                                                 ----(6) 

 
 

Converting the summations over both final-state wave vectors into integrals 

introduces a factor of L/(2) per dimension, thus giving a factor of A
2
/(2)

4
 

in total (where the general area A = L
2
), therefore: 

 

                                                                                                    

                                                                        
 

                                                                                              ----------------(7) 

 

 

 

                                                                                             -----------------(8) 

 

 
Integrating over all of the states of the second carrier (given by kj) and 

introducing Fermi-Dirac distribution functions to account for state 

occupancy, then obtain: 

 

 

 
 

                                                                                                 ---------------(9) 

 

where is a form factor, i.e.  
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The first -function summarizes in-plane momentum conservation and limits 

the integral over kg to a contribution when kg = ki + kj - kf. In addition, the 

total energy of the carriers, Ei
t
, etc. are equal to the energy of the relevant 

subband minima, Ei say, plus the in-plane kinetic energy; thus
[6]  

 

 

 

 
 

                                                                                                                  --(10) 
 

 

and therefore 

 

 

 
: 

                                                                                                          --------(11) 

 
 

where kg is known in terms of the other three wave vectors. It is the 

assumption of parabolic subbands in this last step that will be the limiting 

factor for the application of this method to hole-hole scattering—a point 

mentioned earlier in the context of the carrier–LO phonon scattering rate 

derivation. Now equation (11) represents the scattering rate of a carrier at a 

particular wave vector ki averaged over all of the other initial particle states 

kj, and hence the only unknown in this remaining -function is the wave 

vector kf. Contributions to the integral over kf occur when the argument of 

the -function is zero, and indeed given the form for this argument, it is clear 

that the solutions for kf map out an ellipse.  

The standard procedures is to replace this integral over kf with one over 

an angle   which describes the ellipse, thus giving: 
 

 

                                                                                                         -------(12) 

 
 

but with an additional factor of 4 in the denominator. In this present treatise 

the factor Pjfg (kj, kf, kg) has been assumed to be dependent upon the initial-

state distribution only, i.e. Pjfg(kj,kf,kg) = fj
FD

(kj), and qxy is given by equation 

 
                                                                    -----------------------------------(13) 
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The integration over the vector kj can be performed by effectively switching 

to plane polar coordinates, and integrating along the length kij and around 

the angle a between ki and kj. With this change in the integral, equation (12) 

then becomes
[5,6]

 
 

 

                                                                                                                  --(14) 
 
 

 

So far, the theoretical treatise has only considered carrier–carrier 

scattering of two carriers in an empty environment. In semiconductor 

heterostructures, carrier–carrier scattering occurs because the system is 

doped, and therefore by definition there will be many carriers. In such 

instances, the force between any two carriers is not just the bare Coulombic 

repulsion, as the other mobile carriers are able to respond to any change in 

the electrostatic field, with the result being a reduction in the probability of 

scattering; the other carriers are said to screen the interaction. One of the 

simplest models for screening considers only the carriers within the same 

subband as the initial carrier state, it then proceeds by replacing the 

dielectric constant  with one which is dependent upon the relative wave 

vector qxy, i.e. 

 

                                                             -----------------------------------------(15) 

 

Where ii(qy) is the polarization factor and Aijfg is the form factor. 

 
Results and Discussion  

We consider the single quantum well, in an infinitely deep, and  

(400  ) wide GaAs quantum well at temperature (70 K
o
) for booth carrier 

density (1  10
10

 cm
-2

 and 100  10
10

 cm
-2

) in each level. We was adopted 

the same model of P. Harrison in our calculation to make it as a mailstone in 

our study
[2]

, he include in this calculation only (22-11) electron-electron 

scattering rate. In this work all kinds of scattering  

(intersubband & intrasubband) were taken into account, i.e. all the 16
th

 

carrier- carrier scattering rates. 
 

Two groups of scattering rates can be considered. Group (I), whose 

scattering rate decreases with increasing energy of the initial electron in state 

|i. Group (II) with its scattering rate increases with increasing energy. All 

kinds of scattering rates in group (II) are increases with increased energy. 

We noticed that the amount of scattering rates are too small  
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(10
-18

 - 10
-20

 sec
-1

), i.e. the life time of carriers in initial state are of order 

(10
18

 - 10
20

 sec) -peculiarity- thus they have been neglected since they don’t 

contribute in scattering
[3]

. All kinds of scattering rate in group (I) are the 

intrasubband scattering (where the number of carriers in each subband does 

not changes)
[4]

 except the (22-11) scattering rate which is intersubband 

scattering (where at least one of the carriers changes its subband)
[4]

. 
 

Figs. (1) and (2) show the electron-electron scattering rates with two 

levels of carrier density (1  10
10

 cm
-2

 and 100  10
10

 cm
-2

) with and without 

screening. The effect of screening on the scattering rate behaviour will be 

discussed later, now we just discuss the scattering behaviour without 
screening effect. 

 

For (N= 1  10
10

 cm
-2

), all shapes in Fig. (1) show a good behaviour of 

scattering rate i.e. the electron-electron scattering decreases with increasing 

of energy in initial level |i, that also means the more carriers were 

accumulated in the initial state with increasing energy level, and this what 
we expected. This can be generalized in group (I) except Fig.(1-b) at low 

energy, and since Fig.(1-a) and Fig.(1-b) have the same range of scattering 

rates, we make a comparison between them. At low, energy, the two kinds of 
scattering (22-11) and (11-22) behave oppositely, this means they occur 

respectively until reaching energy equal approximately to (1  10
2
 meV), 

they would have the same shape and begin to be have normally. 
 

For (N= 100  10
10

 cm
-2

), the scattering rates are near by two orders of 

magnitude high in the higher-carrier-density case for (22-11) and (11-22) 

scattering rate as show in Fig.(2-a) and Fig.(2-b). The effect of high carrier 

density is more less for (11-11, 12-12, 21-21, 22-22) scattering rates as 

shown in Figs.(1-c,1-d,1-e,1-f) and Figs.(2-c,2-d,2-e,2-f), the scattering rates 

secondly increase for (12-21) and (21-12) and they have same scattering 

rates, which means they occur simultaneously. 
 

In the addition of screening and for (N= 1  10
10

 cm
-2

), the effect is 

smaller at low carrier density and just for one kind of scattering  

(22-11), as shown in Fig.(1-a), while there is no effect of screening  

on the scattering raters for other kinds of scattering as show in  

Fig. (1-b,1-c,1-d,1-e,1-f,1-g,1-h). 
 

The effect of screening is a obvious clearly at higher carrier density 

(N=100  10
10

 cm
-2

) and for (22-11) and (11-22) scattering rates as shown in 

Fig.(2-a,2-b), and there is no effect for other kinds of scattering. So, it is 

apparent that screening reduces the scattering rates, and the higher the 

carrier density, then the larger the effect of screening, as might be expected. 
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 Fig.(1): The electron-electron scattering rate as a function of the initial electron energy, 

with and without screening, for carrier density 1  10
10

 cm
-2
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Fig.(2): The electron-electron scattering rate as a function of the initial electron 

energy, with and without screening, for carrier density 100  10
10

 cm
-2
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Conclusion 
Two group of scattering rates were studied for their behaviour under the 

effect of carrier densities and screening. Group two was ignored due to its 

strange behaviour. The scattering rate was increased as carrier density 

increasing for (22-11) and (11-22) scattering rate, which is more than the 

other kinds of scattering. 

The effect of screening on the scattering rate for low carrier density  

(1  10
10

 cm
-2) is very small as if they were not exist, while it was obvious for 

higher density (100  10
10

 cm
-2) specially for (22-11) and (11-22) scattering. 
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