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Effect of Boron Content and Temperature on Interactions
and Electron Transport in BGaN Bulk Ternary Nitride
Semiconductors

1. INTRODUCTION

The majority of the III-nitride compounds are large band gap 
semiconductors, which makes them excellent candidates for 
optoelectronics [1]. Indeed, the incorporation of boron in GaN 
material eliminates lattice parameter disagreement, forming a 
BxGa(1-x)N alloy. This alloy possesses very advantageous physical 
properties such as high thermal conductivity, great robustness, 
excellent thermal stability and optical transparency in a very 
important spectral range, which make them very attractive for 
many applications.

Transport phenomena in this semiconductor result from the 
behavior of electrons in the conduction band and energy gap. The 
Knowledge of the electron energy distribution function is obtained 
from the resolution of the partial derivative Boltzmann equation 
[2], which makes it possible to study the transport phenomena in 
semiconductor materials. Nevertheless, the analytical solution for 
this equation is very complex, and often requires digital simulations. 
Simulation by the Monte carlo method is one of these techniques, 
and makes it possible to accurately reproduce the various 
microscopic phenomena that exist in semiconductor materials 
[3].The advantage of Monte carlo’s method is that it obtains both 
the duration of free-flight [4], and the carrier states after collisions 
using a process based on drawing random numbers, on one side, 
and knowledge of the probability densities that correspond to the 
interactions to which the carrier is subjected on the other. Hence, 
a FORTRAN program based on this method has been developed 
[5,6]. It enables the calculation of probabilities from the standard 
expressions. In our case, we consider a model with three valleys 
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(Γ, L, X) [7], isotropic but not parabolic, in order to determine the 
evolution of the scattering, electronic energy and drift velocity in 
the ternary material BxGa(1-x)N for different boron compositions at 
x=50% for different temperatures.

2.  MODEL DETAILS

The use of a Monte carlo method is well suited for semiconductor 
electron transport simulation. It is a statistical method and an 
effective mathematical tool for the study and analysis of the physical 
phenomena. Several works have contributed to the improvement 
and development of the Monte carlo method such as those of Price 
[8], Hockney [9], and Jacoboni et al [10], who studied the model for 
several bands. In general terms, the method is based on a drawing 
of lots for the interactions experienced by carriers during their 
movements within the crystal lattice using probability laws. It 
follows the behavior of each electron subjected to an electric field 
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studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
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 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 

0k


 and an initial vector position 0r


 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
duce a fictitious scattering that creates a distribution of time. 
With each simulated electron “p”, we associate an initial wave 
vector k



 with an initial position r.

(1)

We are performing a coasting flight with duration Δt, so we will 
have:

(2)

If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 

the new wave vector 
'
pk


 after the collision by drawing lots from a 
random number. The state is now defined by:

(3)

The results obtained with the Monte Carlo studies are strongly 
related to many physical parameters. Using the information 

obtained, analysis was performed based on the material param-
eters entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
simulation are given in table1.

3. MECHANISMS OF SCATTERINGS: 

Scatterings are essential ingredients in all Monte Carlo simula-
tions. The statistical study of possible energy exchanges between 
electrons, the vibration modes of lattice vibrations and impuri-
ties, allows for the calculation of the probability of these scatter-
ings and their effect on energy as well as the wave vector of the 
electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied 
to BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N 
(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:

(4) 

With: ( ) (1 . ) ( ') '(1 . ')etδ ε ε α ε δ ε ε α ε= + = +
where KB is the Boltzmann constant, T the temperature of the lat-
tice, Eac an acoustic constant, m* the effective mass of carriers at 
the bottom of the valley, ρ the density of the material, s the speed 
of sound , and ℏ Planck's constant. 

3.2 Piezoelectric scatterings rates 

Piezoelectric scatterings rates are scatterings that exist in 
piezoelectric crystals; they involve an acoustic phonon with a 
short wavelength. They have a negligible effect on the electrons’ 
behavior because they are elastic and cause no deviation. The 
probability per unit time of piezoelectric scattering is inversely 
proportional to the square root of the energy and is given by [18]:
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Ppi is the piezoelectric potential, which has a very small angle (< 
0.01 radians).

 

3.3. Polar optical scatterings 

Polar optical scatterings are very important scatterings in all 
of the valleys. The phonon energy ℏω0 is comparable to that of 
electrons at room temperature. Therefore, the phonon tempera-
ture cannot be neglected compared with that of electrons and 
the collisions become inelastic. The probability of scattering per 
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Table 1. Basic parameters of BN and GaN materials. 

Parameters BN GaN

Relative mass

г 0.75 [12]

L 0.55 [12]

X 0.30 [12]

0.15[15] 

0.60 [15]

0.50 [15]

Energy (ev)

г 9.94  [13]

L 14.3 [13]

X12.04[13]

3.38 [15]

5.64 [15]

4.57 [15]
High-frequency permittivity 4.5 [14] 5.35 [16]
Low-frequency permittivity 7.1 [14] 9.50 [16]
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Table 1. Basic parameters of BN and GaN materials. 

Parameters BN GaN
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г 0.75 [12]

L 0.55 [12]

X 0.30 [12]
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS

The use of a Monte Carlo method is well suited for semicon-
ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E



 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 

0k


 and an initial vector position 0r


 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
duce a fictitious scattering that creates a distribution of time. 
With each simulated electron “p”, we associate an initial wave 
vector k



 with an initial position r.

(1)

We are performing a coasting flight with duration Δt, so we will 
have:
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If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 

the new wave vector 
'
pk


 after the collision by drawing lots from a 
random number. The state is now defined by:
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The results obtained with the Monte Carlo studies are strongly 
related to many physical parameters. Using the information 

obtained, analysis was performed based on the material param-
eters entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
simulation are given in table1.

3. MECHANISMS OF SCATTERINGS: 

Scatterings are essential ingredients in all Monte Carlo simula-
tions. The statistical study of possible energy exchanges between 
electrons, the vibration modes of lattice vibrations and impuri-
ties, allows for the calculation of the probability of these scatter-
ings and their effect on energy as well as the wave vector of the 
electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied 
to BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N 
(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 
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and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
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as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E
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effects and their consequences in the material. The basic and 
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ties, allows for the calculation of the probability of these scatter-
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electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied 
to BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N 
(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:
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We are performing a coasting flight with duration Δt, so we will 
have:
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This work takes place in the context of the development of a transport phenomena simulation based on group III nitrides. 
Gallium and boron nitrides (GaN and BN) are both materials with interesting physical properties; they have a direct band gap 
and are relatively large compared to other semiconductors. The main objective of this paper is to study the effect of boron 
content on the electron transport of the ternary compound BxGa(1-x)N and the effect of the temperature of this alloy at x=50% 
boron percentage, specifically the piezoelectric, acoustic, and polar optical scatterings as a function of the energy, and the 
electron energy and drift velocity versus the applied electric field for different boron compositions (BxGa(1-x)N), at various 
temperatures for B0.5Ga0.5N. Monte Carlo simulation, was employed and the three valleys of the conduction band (Γ, L, X) 
were considered to be non-parabolic. We focus on the interactions that do not significantly affect the behavior of the electron. 
Nevertheless, they are introduced to obtain a quantitative description of the electronic dynamics. We find that the form of the 
velocity-field characteristic changes substantially when the temperature is increased, and a remarkable effect is observed 
from the boron content in BxGa(1-x)N alloy and the applied field on the dynamics of holders within the lattice as a result of 
interaction mechanisms. 
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1. INTRODUCTION 

 
       The majority of the III-nitride compounds are large band gap 
semiconductors, which makes them excellent candidates for 
optoelectronics [1]. Indeed, the incorporation of boron in GaN 
material eliminates lattice parameter disagreement, forming a 
BxGa(1-x)N alloy. This alloy possesses very advantageous physical 
properties such as high thermal conductivity, great robustness, 
excellent thermal stability and optical transparency in a very 
important spectral range, which make them very attractive for 
many applications.  
Transport phenomena in this semiconductor result from the 
behavior of electrons in the conduction band and energy gap. The 
Knowledge of the electron energy distribution function is obtained 
from the resolution of the partial derivative Boltzmann equation [2], 
which makes it possible to study the transport phenomena in 
semiconductor materials. Nevertheless, the analytical solution for 
this equation is very complex, and often requires digital 
simulations. Simulation by the Monte Carlo method is one of these 
techniques, and makes it possible to accurately reproduce the 
various microscopic phenomena that exist in semiconductor 
materials [3].The advantage of Monte Carlo’s method is that it 
obtains both the duration of free-flight [4], and the carrier states 
after collisions using a process based on drawing random numbers, 
on one side, and knowledge of the probability densities that 
correspond to the interactions to which the carrier is subjected on 
the other. Hence, a FORTRAN program based on this method has 
been developed [5], [6]. It enables the calculation of probabilities 
from the standard expressions. In our case, we consider a model 
with three valleys   (Γ, L, X) [7], isotropic but not parabolic, in 
order to determine the evolution of the scattering, electronic energy 

and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures.  

2. MODEL DETAILS 

          The use of a Monte Carlo method is well suited for 
semiconductor electron transport simulation.  It is a statistical 
method and an effective mathematical tool for the study and 
analysis of the physical phenomena. Several works have 
contributed to the improvement and development of the Monte 
Carlo method such as those of Price [8], Hockney [9], and Jacoboni 
et al [10], who studied the model for several bands. In general 
terms, the method is based on a drawing of lots for the interactions 
experienced by carriers during their movements within the crystal 
lattice using probability laws. It follows the behavior of each 
electron subjected to an electric field  ⃗  in real space and in the 
waves vectors space [11]. Let us consider for each carrier, an initial 
wave vector  ⃗   and an initial vector position     , for which we 
want to simulate the trajectory.  Using the "self-scattering” 
procedure, we introduce a fictitious scattering that creates a 
distribution of time.  With each simulated electron “p”, we 
associate an initial wave vector    ⃗⃗⃗⃗  with an initial position   . 

 ⃗  ( )    ( )  ⃗  ( )=  ⃗ ( ⃗  )                                     (1) 

We are performing a coasting flight with duration Δt, so we will 
have: 

{ 
 
   ⃗
  (    )   ⃗  ( )  

  ⃗⃗ 
   

 ⃗⃗  (    )   (⃗⃗⃗⃗  ⃗  (    ))
   (    )  ∫  ⃗⃗  ( )    

                              (2) (2)

If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether the 
interaction occurs precisely at the instant t+Δt. One seeks the new 
wave vector 
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 
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and an effective mathematical tool for the study and analysis of 
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improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E



 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 

0k


 and an initial vector position 0r


 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
duce a fictitious scattering that creates a distribution of time. 
With each simulated electron “p”, we associate an initial wave 
vector k



 with an initial position r.

(1)

We are performing a coasting flight with duration Δt, so we will 
have:

(2)

If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 

the new wave vector 
'
pk


 after the collision by drawing lots from a 
random number. The state is now defined by:

(3)

The results obtained with the Monte Carlo studies are strongly 
related to many physical parameters. Using the information 

obtained, analysis was performed based on the material param-
eters entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
simulation are given in table1.

3. MECHANISMS OF SCATTERINGS: 

Scatterings are essential ingredients in all Monte Carlo simula-
tions. The statistical study of possible energy exchanges between 
electrons, the vibration modes of lattice vibrations and impuri-
ties, allows for the calculation of the probability of these scatter-
ings and their effect on energy as well as the wave vector of the 
electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied 
to BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N 
(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:

(4) 

With: ( ) (1 . ) ( ') '(1 . ')etδ ε ε α ε δ ε ε α ε= + = +
where KB is the Boltzmann constant, T the temperature of the lat-
tice, Eac an acoustic constant, m* the effective mass of carriers at 
the bottom of the valley, ρ the density of the material, s the speed 
of sound , and ℏ Planck's constant. 

3.2 Piezoelectric scatterings rates 

Piezoelectric scatterings rates are scatterings that exist in 
piezoelectric crystals; they involve an acoustic phonon with a 
short wavelength. They have a negligible effect on the electrons’ 
behavior because they are elastic and cause no deviation. The 
probability per unit time of piezoelectric scattering is inversely 
proportional to the square root of the energy and is given by [18]:
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
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important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
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where KB is the Boltzmann constant, T the temperature of the lat-
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3.3. Polar optical scatterings 

Polar optical scatterings are very important scatterings in all 
of the valleys. The phonon energy ℏω0 is comparable to that of 
electrons at room temperature. Therefore, the phonon tempera-
ture cannot be neglected compared with that of electrons and 
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Table 1. Basic parameters of BN and GaN materials. 

Parameters BN GaN

Relative mass

г 0.75 [12]

L 0.55 [12]

X 0.30 [12]

0.15[15] 

0.60 [15]
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г 9.94  [13]
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X12.04[13]
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The results obtained with the Monte carlo studies are strongly 
related to many physical parameters. Using the information 
obtained, analysis was performed based on the material parameters 
entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
simulation are given in table1.

3. MECHANISMS OF SCATTERINGS:

Scatterings are essential ingredients in all Monte carlo 
simulations. The statistical study of possible energy exchanges 
between electrons, the vibration modes of lattice vibrations and 
impurities, allows for the calculation of the probability of these 
scatterings and their effect on energy as well as the wave vector of 
the electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied to 
BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N (x=50%) 
for different temperatures.

3.1 Acoustic scatterings rates

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are often 
shielded by the large number of inter-valley scatterings which 
are predominant in side valleys. The probability of an acoustic 
scattering per unit time is given by [17]:

Trans. Electr. Electron. Mater. 17(6) 1 (2016): Y. Bouchefra et al.3

from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS

The use of a Monte Carlo method is well suited for semicon-
ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E



 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 

0k


 and an initial vector position 0r


 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
duce a fictitious scattering that creates a distribution of time. 
With each simulated electron “p”, we associate an initial wave 
vector k



 with an initial position r.

(1)

We are performing a coasting flight with duration Δt, so we will 
have:
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If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 
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 after the collision by drawing lots from a 
random number. The state is now defined by:
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With: Δ
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS
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ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
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improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E
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(x=50%) for different temperatures. 
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Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:
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where KB is the Boltzmann constant, T the temperature of the 
lattice, Eac an acoustic constant, m* the effective mass of carriers at 
the bottom of the valley, ρ the density of the material, s the speed of 
sound, and 
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS

The use of a Monte Carlo method is well suited for semicon-
ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E
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vector k



 with an initial position r.
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have:
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If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 
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 after the collision by drawing lots from a 
random number. The state is now defined by:
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The results obtained with the Monte Carlo studies are strongly 
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eters entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
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(x=50%) for different temperatures. 
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important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
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 Planck’s constant.

3.2 Piezoelectric scatterings rates

Piezoelectric scatterings rates are scatterings that exist in 
piezoelectric crystals; they involve an acoustic phonon with a short 
wavelength. They have a negligible effect on the electrons’ behavior 
because they are elastic and cause no deviation. The probability per 
unit time of piezoelectric scattering is inversely proportional to the 
square root of the energy and is given by [18]:
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Table 1. Basic parameters of BN and GaN materials. 

Parameters BN GaN
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X 0.30 [12]
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS

The use of a Monte Carlo method is well suited for semicon-
ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E



 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 

0k


 and an initial vector position 0r


 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
duce a fictitious scattering that creates a distribution of time. 
With each simulated electron “p”, we associate an initial wave 
vector k



 with an initial position r.

(1)

We are performing a coasting flight with duration Δt, so we will 
have:

(2)

If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 

the new wave vector 
'
pk


 after the collision by drawing lots from a 
random number. The state is now defined by:

(3)

The results obtained with the Monte Carlo studies are strongly 
related to many physical parameters. Using the information 

obtained, analysis was performed based on the material param-
eters entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
simulation are given in table1.

3. MECHANISMS OF SCATTERINGS: 

Scatterings are essential ingredients in all Monte Carlo simula-
tions. The statistical study of possible energy exchanges between 
electrons, the vibration modes of lattice vibrations and impuri-
ties, allows for the calculation of the probability of these scatter-
ings and their effect on energy as well as the wave vector of the 
electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied 
to BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N 
(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:
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where KB is the Boltzmann constant, T the temperature of the lat-
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the bottom of the valley, ρ the density of the material, s the speed 
of sound , and ℏ Planck's constant. 

3.2 Piezoelectric scatterings rates 

Piezoelectric scatterings rates are scatterings that exist in 
piezoelectric crystals; they involve an acoustic phonon with a 
short wavelength. They have a negligible effect on the electrons’ 
behavior because they are elastic and cause no deviation. The 
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proportional to the square root of the energy and is given by [18]:

(5) 

With: 2

2
2

2(1 2 ) . 2 (1 2 ).(1 cos )
1 cos

( ) .(4 1 cos )
2

I I a a a
a

a a

αε ε ε

ε

= + − + + +
−

− −
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3.3. Polar optical scatterings 

Polar optical scatterings are very important scatterings in all 
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Ppi is the piezoelectric potential, which has a very small angle 
(<0.01 radians).

3.3 Polar optical scatterings

Polar optical scatterings are very important scatterings in all 
of the valleys. The phonon energy 

Trans. Electr. Electron. Mater. 17(6) 1 (2016): Y. Bouchefra et al.3

from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 
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important in side valleys. They are characterized by a constant 
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which are predominant in side valleys. The probability of an 
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г 0.75 [12]

L 0.55 [12]
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 is comparable to that of 
electrons at room temperature. Therefore, the phonon temperature 
cannot be neglected compared with that of electrons and the 
collisions become inelastic. The probability of scattering per unit 
time is given by [19] and [20]:
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unit time is given by [19] and [20]: 
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Where εs and ε∞ are the relative dielectric permittivities and e is 
the electron charge.

4. RESULTS AND DISCUSSION

4.1. Effect of boron content and temperature on 
the interactions

A. Piezoelectric scattering rate:
Figure 1 shows the Piezoelectric scattering rate as a function 

of energy for the Zinc-blende ternary BxGa(1-x)N alloy for x=0%, 
15%, 35%, 50% , 60%, 80% and 100% boron compositions, at 300 
K, with the doping concentration set to 1017 cm-3. We see that the 
scattering increases with the boron composition. Indeed, the 
scattering requires little energy, but is highly dependent on the 
piezoelectric coefficient, which is more important in BN than 
GaN (Table 2.). This explains the increased probability of these 
interactions with the addition of boron. 

The scattering increases slightly in the upper valleys, with the 
effective mass of the electrons and rapidly reach saturation (at 
about 0.5 eV). This agrees well with the theory which predicts 
that the probability is inversely proportional to the square root 
of the energy ε.

50% boron incorporation in the GaN material eliminated 
lattice parameter disagreement, forming a B0.5Ga0.5N alloy. The 

series of curves presented in Fig. 2 shows the evolution of piezo-
electric interactions for the ternary material B0.5Ga0.5N for differ-
ent temperatures and with a constant electric field Ez = 100 kV 
/ cm. Note that increasing the temperature results in a greater 
probability for these scatterings. Sometimes, the piezoelectric 
scattering rate coincides with that resulting from the deforma-
tion potential, as in the case of an inter-valley scattering.

B. Acoustic scattering rate: 
The evolution of this type of scattering as a function of energy, 

for different boron compositions at T = 300 K, and at a constant 
electric field Ez = 100 Kv/cm is shown in Fig. 3. These are the 
most dominant among the elastic scatterings and are mainly 
caused by the effects of electron doping. For very high tempera-
tures or electric fields, the acoustic scattering becomes predomi-
nant. The energy of the electron is greater than that of an optical 
phonon, so the electron tends to transfer to the network portion 
of the energy supplied by the electric field. In this ternary mate-
rial BxGa(1-x)N, the acoustic scatterings, which are proportional to 
the square of the energy, increase with the boron compositions, 
since the energy gap and other valleys also increase. Moreover, 
the difference between the probabilities of the interactions in 
the lateral valleys L and X increases with increasing boron com-

Table 2. Piezoelectric coefficient for BN and GaN [21,22].

Piezoelectric coefficient e31 e33
BN 0.27 cm-2 -0.85 cm-2

GaN -0.49 cm-2 0.73 cm-2

Fig. 1. Piezoelectric scattering rates of BxGa(1-x)N at 300 K for different 
boron compositions.

Fig. 2. Piezoelectric scattering rate of B0.5Ga0.5N at different tem-
peratures.

Fig. 3. Acoustic scattering rates of BxGa(1-x)N at 300 K for different bo-
ron compositions.
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most dominant among the elastic scatterings and are mainly 
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS

The use of a Monte Carlo method is well suited for semicon-
ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E



 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 
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 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
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random number. The state is now defined by:
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related to many physical parameters. Using the information 
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effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
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(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
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often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
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Table 1. Basic parameters of BN and GaN materials. 
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unit time is given by [19] and [20]: 
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Where εs and ε∞ are the relative dielectric permittivities and e is 
the electron charge.

4. RESULTS AND DISCUSSION

4.1. Effect of boron content and temperature on 
the interactions

A. Piezoelectric scattering rate:
Figure 1 shows the Piezoelectric scattering rate as a function 

of energy for the Zinc-blende ternary BxGa(1-x)N alloy for x=0%, 
15%, 35%, 50% , 60%, 80% and 100% boron compositions, at 300 
K, with the doping concentration set to 1017 cm-3. We see that the 
scattering increases with the boron composition. Indeed, the 
scattering requires little energy, but is highly dependent on the 
piezoelectric coefficient, which is more important in BN than 
GaN (Table 2.). This explains the increased probability of these 
interactions with the addition of boron. 

The scattering increases slightly in the upper valleys, with the 
effective mass of the electrons and rapidly reach saturation (at 
about 0.5 eV). This agrees well with the theory which predicts 
that the probability is inversely proportional to the square root 
of the energy ε.

50% boron incorporation in the GaN material eliminated 
lattice parameter disagreement, forming a B0.5Ga0.5N alloy. The 

series of curves presented in Fig. 2 shows the evolution of piezo-
electric interactions for the ternary material B0.5Ga0.5N for differ-
ent temperatures and with a constant electric field Ez = 100 kV 
/ cm. Note that increasing the temperature results in a greater 
probability for these scatterings. Sometimes, the piezoelectric 
scattering rate coincides with that resulting from the deforma-
tion potential, as in the case of an inter-valley scattering.

B. Acoustic scattering rate: 
The evolution of this type of scattering as a function of energy, 

for different boron compositions at T = 300 K, and at a constant 
electric field Ez = 100 Kv/cm is shown in Fig. 3. These are the 
most dominant among the elastic scatterings and are mainly 
caused by the effects of electron doping. For very high tempera-
tures or electric fields, the acoustic scattering becomes predomi-
nant. The energy of the electron is greater than that of an optical 
phonon, so the electron tends to transfer to the network portion 
of the energy supplied by the electric field. In this ternary mate-
rial BxGa(1-x)N, the acoustic scatterings, which are proportional to 
the square of the energy, increase with the boron compositions, 
since the energy gap and other valleys also increase. Moreover, 
the difference between the probabilities of the interactions in 
the lateral valleys L and X increases with increasing boron com-

Table 2. Piezoelectric coefficient for BN and GaN [21,22].

Piezoelectric coefficient e31 e33
BN 0.27 cm-2 -0.85 cm-2

GaN -0.49 cm-2 0.73 cm-2

Fig. 1. Piezoelectric scattering rates of BxGa(1-x)N at 300 K for different 
boron compositions.

Fig. 2. Piezoelectric scattering rate of B0.5Ga0.5N at different tem-
peratures.

Fig. 3. Acoustic scattering rates of BxGa(1-x)N at 300 K for different bo-
ron compositions.
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Where εs and ε∞ are the relative dielectric permittivities and e is 
the electron charge.

4. RESULTS AND DISCUSSION

4.1 Effect of boron content and temperature on the 
interactions

A. Piezoelectric scattering rate:
Figure 1 shows the Piezoelectric scattering rate as a function of 

energy for the Zinc-blende ternary BxGa(1-x)N alloy for x=0%, 15%, 
35%, 50% , 60%, 80% and 100% boron compositions, at 300 K, with 
the doping concentration set to 1017 cm-3. We see that the scattering 
increases with the boron composition. Indeed, the scattering 
requires little energy, but is highly dependent on the piezoelectric 
coefficient, which is more important in BN than GaN (Table 2.). 
This explains the increased probability of these interactions with 
the addition of boron.

The scattering increases slightly in the upper valleys, with the 
effective mass of the electrons and rapidly reach saturation (at about 
0.5 eV). This agrees well with the theory which predicts that the 
probability is inversely proportional to the square root of the energy ε.

50% boron incorporation in the GaN material eliminated lattice 
parameter disagreement, forming a B0.5Ga0.5N alloy. The series of 
curves presented in Fig. 2 shows the evolution of piezoelectric 
interactions for the ternary material B0.5Ga0.5N for different 
temperatures and with a constant electric field Ez = 100 kV / cm. 
Note that increasing the temperature results in a greater probability 
for these scatterings. Sometimes, the piezoelectric scattering rate 
coincides with that resulting from the deformation potential, as in 
the case of an inter-valley scattering.

B.  Acoustic scattering rate:
The evolution of this type of scattering as a function of energy, for different boron compositions at T = 300 K, and at a constant 

electric field Ez = 100 Kv/cm is shown in Fig. 3. These are the most 
dominant among the elastic scatterings and are mainly caused 
by the effects of electron doping. For very high temperatures or 
electric fields, the acoustic scattering becomes predominant. The 
energy of the electron is greater than that of an optical phonon, 
so the electron tends to transfer to the network portion of the 
energy supplied by the electric field. In this ternary material 
BxGa(1-x)N, the acoustic scatterings, which are proportional to 
the square of the energy, increase with the boron compositions, 
since the energy gap and other valleys also increase. Moreover, 
the difference between the probabilities of the interactions 
in the lateral valleys L and X increases with increasing boron 
compositions, because the energy ELX increases with the addition 
of boron.

Figure 4 shows the evolution of the acoustic scatterings in the 
ternary material B0.5Ga0.5N for different temperatures at Ez = 100 kV 
/ cm. Note that there is a significant increase in the probability of 
these scatterings when the temperature increases.

C. Polar optical scattering rate:
The polar optical scattering is characterized by a polar optical 

phonon exchange (energy 
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from the standard expressions. In our case, we consider a model 
with three valleys (Γ, L, X) [7], isotropic but not parabolic, in order 
to determine the evolution of the scattering, electronic energy 
and drift velocity in the ternary material BxGa(1-x)N for different 
boron compositions at x=50% for different temperatures. 

2. MODEL DETAILS

The use of a Monte Carlo method is well suited for semicon-
ductor electron transport simulation. It is a statistical method 
and an effective mathematical tool for the study and analysis of 
the physical phenomena. Several works have contributed to the 
improvement and development of the Monte Carlo method such 
as those of Price [8], Hockney [9], and Jacoboni et al [10], who 
studied the model for several bands. In general terms, the meth-
od is based on a drawing of lots for the interactions experienced 
by carriers during their movements within the crystal lattice us-
ing probability laws. It follows the behavior of each electron sub-
jected to an electric field E



 in real space and in the waves vectors 
space [11]. Let us consider for each carrier, an initial wave vector 

0k


 and an initial vector position 0r


 , for which we want to simulate 
the trajectory. Using the "self-scattering” procedure, we intro-
duce a fictitious scattering that creates a distribution of time. 
With each simulated electron “p”, we associate an initial wave 
vector k



 with an initial position r.

(1)

We are performing a coasting flight with duration Δt, so we will 
have:

(2)

If there is no interaction, we check whether the state of the 
carrier changes, and if there is an interaction, we check whether 
the interaction occurs precisely at the instant t+ Δt. One seeks 

the new wave vector 
'
pk


 after the collision by drawing lots from a 
random number. The state is now defined by:

(3)

The results obtained with the Monte Carlo studies are strongly 
related to many physical parameters. Using the information 

obtained, analysis was performed based on the material param-
eters entered into the simulator. The results were compared with 
actual experimental results providing knowledge of the physical 
effects and their consequences in the material. The basic and 
band structure parameters of BN and GaN materials used in our 
simulation are given in table1.

3. MECHANISMS OF SCATTERINGS: 

Scatterings are essential ingredients in all Monte Carlo simula-
tions. The statistical study of possible energy exchanges between 
electrons, the vibration modes of lattice vibrations and impuri-
ties, allows for the calculation of the probability of these scatter-
ings and their effect on energy as well as the wave vector of the 
electron. The scattering considered in this work, mainly due to 
acoustic, piezoelectric and polar optical phonons, are applied 
to BxGa(1-x)N for different boron compositions and to B0.5Ga0.5N 
(x=50%) for different temperatures. 

3.1 Acoustic scatterings rates 

Acoustic scatterings rates are elastic scatterings which are very 
important in side valleys. They are characterized by a constant 
energy. This scattering is very weak in valley Γ; its effects are 
often shielded by the large number of inter-valley scatterings 
which are predominant in side valleys. The probability of an 
acoustic scattering per unit time is given by [17]:

(4) 

With: ( ) (1 . ) ( ') '(1 . ')etδ ε ε α ε δ ε ε α ε= + = +
where KB is the Boltzmann constant, T the temperature of the lat-
tice, Eac an acoustic constant, m* the effective mass of carriers at 
the bottom of the valley, ρ the density of the material, s the speed 
of sound , and ℏ Planck's constant. 

3.2 Piezoelectric scatterings rates 

Piezoelectric scatterings rates are scatterings that exist in 
piezoelectric crystals; they involve an acoustic phonon with a 
short wavelength. They have a negligible effect on the electrons’ 
behavior because they are elastic and cause no deviation. The 
probability per unit time of piezoelectric scattering is inversely 
proportional to the square root of the energy and is given by [18]:

(5) 
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Ppi is the piezoelectric potential, which has a very small angle (< 
0.01 radians).

 

3.3. Polar optical scatterings 

Polar optical scatterings are very important scatterings in all 
of the valleys. The phonon energy ℏω0 is comparable to that of 
electrons at room temperature. Therefore, the phonon tempera-
ture cannot be neglected compared with that of electrons and 
the collisions become inelastic. The probability of scattering per 
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Table 1. Basic parameters of BN and GaN materials. 

Parameters BN GaN

Relative mass

г 0.75 [12]

L 0.55 [12]

X 0.30 [12]

0.15[15] 

0.60 [15]

0.50 [15]

Energy (ev)

г 9.94  [13]

L 14.3 [13]

X12.04[13]

3.38 [15]

5.64 [15]

4.57 [15]
High-frequency permittivity 4.5 [14] 5.35 [16]
Low-frequency permittivity 7.1 [14] 9.50 [16]
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), and by strong anisotropy in all 
probable finish states. States corresponding to nearly zero 
deviation of the wave vector are strongly favored. The electron, 
which is driven in the direction of the field during the free flight 
phase, will be diverted from that direction under the effect of 
this scattering. As can be seen in Fig. 5, the scatterings decrease 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.1. Piezoelectric scattering rates of   BxGa(1-x)N at 300 K for different 
boron compositions. 
 
50% boron incorporation in the GaN material eliminated lattice parameter 
disagreement, forming a B0.5Ga0.5N alloy. The series of curves presented 
in Figure 2 shows the evolution of piezoelectric interactions for the ternary 
material B0.5Ga0.5N for different temperatures and with a constant electric 
field Ez = 100 kV / cm. Note that increasing the temperature results in a 
greater probability for these scatterings. Sometimes, the piezoelectric 
scattering rate coincides with that resulting from the deformation potential, 
as in the case of an inter-valley scattering. 
 
 
 
 
 
 
      

 

 

 

 
 
 
 
 
Fig.2. Piezoelectric scattering rate of B0.5Ga0.5N at different temperatures. 
 
B. Acoustic scattering rate:  

           The evolution of this type of scattering as a function of 
energy, for different boron compositions   at T = 300 K, and at a 
constant electric field Ez = 100 Kv/cm is shown in Figure 3. These 
are the most dominant among the elastic scatterings and are mainly 
caused by the effects of electron doping. For very high 
temperatures or electric fields, the acoustic scattering becomes 
predominant. The energy of the electron is greater than that of an 
optical phonon, so the electron tends to transfer to the network 
portion of the energy supplied by the electric field. In this ternary 
material BxGa(1-x)N, the acoustic scatterings, which are 
proportional to the square of the energy, increase with the boron 
compositions, since the energy gap and  other valleys also increase. 
Moreover, the difference between the probabilities of the 
interactions in the lateral valleys L and X increases with increasing 
boron compositions, because the energy ELX increases with the 
addition of boron. 

 

 

  

 

 

 

 

 

 

Fig.3. Acoustic scattering rates of   BxGa(1-x)N at 300 K for different boron 
compositions. 
 
Figure 4 shows the evolution of the acoustic scatterings in the 
ternary material B0.5Ga0.5N for different temperatures at Ez = 100 
kV / cm. Note that there is a significant increase in the probability 
of these scatterings when the temperature increases. 
 

   

 

 

 

 

 

 

 
 
 
 
 
Fig.4. Acoustic scattering  rate of B0.5Ga0.5N at different temperatures. 
 
c. Polar optical scattering rate:  
 
         The polar optical scattering is characterized by a polar optical 
phonon exchange (energy  ), and by strong anisotropy in all 
probable finish states. States corresponding to nearly zero deviation 
of the wave vector are strongly favored. The electron, which is 
driven in the direction of the field during the free flight phase, will 
be diverted from that direction under the effect of this scattering. 
As can be seen in Fig. 5, the scatterings decrease while the boron 
composition increases. Therefore, the electrons will have greater 
mobility and a longer lifetime. These are desired properties for 
applications in optoelectronics. 
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unit time is given by [19] and [20]: 

(6)

Where 
1/ 2 1/ 2

1/ 2 1/ 2

1 ( ) ( ')( , ') .
( ) ( ')

F A Ln B
c

δ ε δ εε ε
δ ε δ ε

 +
= + 

− 
And

2

1/ 2

(2(1 ).(1 ') ( ( ) ( ')))
2 ( ( ). ( ')) (4.(1 ).(1 ')) ( ( ) ( '))

4((1 )(1 ')(1 2 )(1 2 ')

A
B
C

αε αε α δ ε δ ε

α δ ε δ ε αε αε α δ ε δ ε
αε αε αε αε

= + + + +

= − + + + +
= + + + +

Where εs and ε∞ are the relative dielectric permittivities and e is 
the electron charge.

4. RESULTS AND DISCUSSION

4.1. Effect of boron content and temperature on 
the interactions

A. Piezoelectric scattering rate:
Figure 1 shows the Piezoelectric scattering rate as a function 

of energy for the Zinc-blende ternary BxGa(1-x)N alloy for x=0%, 
15%, 35%, 50% , 60%, 80% and 100% boron compositions, at 300 
K, with the doping concentration set to 1017 cm-3. We see that the 
scattering increases with the boron composition. Indeed, the 
scattering requires little energy, but is highly dependent on the 
piezoelectric coefficient, which is more important in BN than 
GaN (Table 2.). This explains the increased probability of these 
interactions with the addition of boron. 

The scattering increases slightly in the upper valleys, with the 
effective mass of the electrons and rapidly reach saturation (at 
about 0.5 eV). This agrees well with the theory which predicts 
that the probability is inversely proportional to the square root 
of the energy ε.

50% boron incorporation in the GaN material eliminated 
lattice parameter disagreement, forming a B0.5Ga0.5N alloy. The 

series of curves presented in Fig. 2 shows the evolution of piezo-
electric interactions for the ternary material B0.5Ga0.5N for differ-
ent temperatures and with a constant electric field Ez = 100 kV 
/ cm. Note that increasing the temperature results in a greater 
probability for these scatterings. Sometimes, the piezoelectric 
scattering rate coincides with that resulting from the deforma-
tion potential, as in the case of an inter-valley scattering.

B. Acoustic scattering rate: 
The evolution of this type of scattering as a function of energy, 

for different boron compositions at T = 300 K, and at a constant 
electric field Ez = 100 Kv/cm is shown in Fig. 3. These are the 
most dominant among the elastic scatterings and are mainly 
caused by the effects of electron doping. For very high tempera-
tures or electric fields, the acoustic scattering becomes predomi-
nant. The energy of the electron is greater than that of an optical 
phonon, so the electron tends to transfer to the network portion 
of the energy supplied by the electric field. In this ternary mate-
rial BxGa(1-x)N, the acoustic scatterings, which are proportional to 
the square of the energy, increase with the boron compositions, 
since the energy gap and other valleys also increase. Moreover, 
the difference between the probabilities of the interactions in 
the lateral valleys L and X increases with increasing boron com-

Table 2. Piezoelectric coefficient for BN and GaN [21,22].

Piezoelectric coefficient e31 e33
BN 0.27 cm-2 -0.85 cm-2

GaN -0.49 cm-2 0.73 cm-2

Fig. 1. Piezoelectric scattering rates of BxGa(1-x)N at 300 K for different 
boron compositions.

Fig. 2. Piezoelectric scattering rate of B0.5Ga0.5N at different tem-
peratures.

Fig. 3. Acoustic scattering rates of BxGa(1-x)N at 300 K for different bo-
ron compositions.
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Fig. 2. Piezoelectric scattering rate of B0.5Ga0.5N at different 
temperatures.
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Fig.2. Piezoelectric scattering rate of B0.5Ga0.5N at different temperatures. 
 
B. Acoustic scattering rate:  

           The evolution of this type of scattering as a function of 
energy, for different boron compositions   at T = 300 K, and at a 
constant electric field Ez = 100 Kv/cm is shown in Figure 3. These 
are the most dominant among the elastic scatterings and are mainly 
caused by the effects of electron doping. For very high 
temperatures or electric fields, the acoustic scattering becomes 
predominant. The energy of the electron is greater than that of an 
optical phonon, so the electron tends to transfer to the network 
portion of the energy supplied by the electric field. In this ternary 
material BxGa(1-x)N, the acoustic scatterings, which are 
proportional to the square of the energy, increase with the boron 
compositions, since the energy gap and  other valleys also increase. 
Moreover, the difference between the probabilities of the 
interactions in the lateral valleys L and X increases with increasing 
boron compositions, because the energy ELX increases with the 
addition of boron. 

 

 

  

 

 

 

 

 

 

Fig.3. Acoustic scattering rates of   BxGa(1-x)N at 300 K for different boron 
compositions. 
 
Figure 4 shows the evolution of the acoustic scatterings in the 
ternary material B0.5Ga0.5N for different temperatures at Ez = 100 
kV / cm. Note that there is a significant increase in the probability 
of these scatterings when the temperature increases. 
 

   

 

 

 

 

 

 

 
 
 
 
 
Fig.4. Acoustic scattering  rate of B0.5Ga0.5N at different temperatures. 
 
c. Polar optical scattering rate:  
 
         The polar optical scattering is characterized by a polar optical 
phonon exchange (energy  ), and by strong anisotropy in all 
probable finish states. States corresponding to nearly zero deviation 
of the wave vector are strongly favored. The electron, which is 
driven in the direction of the field during the free flight phase, will 
be diverted from that direction under the effect of this scattering. 
As can be seen in Fig. 5, the scatterings decrease while the boron 
composition increases. Therefore, the electrons will have greater 
mobility and a longer lifetime. These are desired properties for 
applications in optoelectronics. 
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c. Polar optical scattering rate:  
 
         The polar optical scattering is characterized by a polar optical 
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driven in the direction of the field during the free flight phase, will 
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As can be seen in Fig. 5, the scatterings decrease while the boron 
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while the boron composition increases. Therefore, the electrons 
will have greater mobility and a longer lifetime. These are desired 
properties for applications in optoelectronics.

In Fig. 6, we note a slight increase in the probability of the polar 
optical scattering rates when the temperature increases. The effect 
of temperature is greater for acoustic and piezoelectric scatterings 
rates, which means that the scatterings depend greatly on the 
energy gap.

4.2 Effect of boron content and temperature on
steady state electron transport

A. Electronic energy
We present in Fig. 7, the average energy for the BxGa(1-x)N alloy 

Fig. 5. Polar optical scatterings rates for BxGa(1-x)N at 300 K for 
different boron compositions. If we examine the average electron 
energy as a function of applied electric field, we see that there is 
a sudden increase, about 100 kV/cm in the case of GaN. Initially, 
the average energy of the electrons is low, barely higher than the 
thermal energy, 3/2 kBT (kB Boltzmann’s constant). The reason for 
this increase is that the dominant mechanism of energy loss for 
many III-V compounds including nitrides is due to the interaction 
of polar optical phonons.

It is observed that by adding boron, the energy gap increases, so 
it is necessary to apply a stronger electric field. Consequently, the 
critical electric field becomes larger, reachin 300 kV /cm for BN, but 
not exceeding 170 kV/cm in GaN. Moreover, the intervalley energy 
decreases with increasing boron composition, so that the average 
energy decreases and does not exceed 9×10 eV in the case of BN, 
while that of GaN is around 3.5×102 eV.

The electron energy as a function of the applied electric field for 
different temperatures in B0.5Ga0.5N is shown in Fig. 8. It is noted 
that the energy is reduced by increasing the temperature due to the 
small phonon absorption rates at low temperature. Therefore the 
fractional number of electrons in the Γ valley at low temperature is 
high.
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disagreement, forming a B0.5Ga0.5N alloy. The series of curves presented 
in Figure 2 shows the evolution of piezoelectric interactions for the ternary 
material B0.5Ga0.5N for different temperatures and with a constant electric 
field Ez = 100 kV / cm. Note that increasing the temperature results in a 
greater probability for these scatterings. Sometimes, the piezoelectric 
scattering rate coincides with that resulting from the deformation potential, 
as in the case of an inter-valley scattering. 
 
 
 
 
 
 
      

 

 

 

 
 
 
 
 
Fig.2. Piezoelectric scattering rate of B0.5Ga0.5N at different temperatures. 
 
B. Acoustic scattering rate:  

           The evolution of this type of scattering as a function of 
energy, for different boron compositions   at T = 300 K, and at a 
constant electric field Ez = 100 Kv/cm is shown in Figure 3. These 
are the most dominant among the elastic scatterings and are mainly 
caused by the effects of electron doping. For very high 
temperatures or electric fields, the acoustic scattering becomes 
predominant. The energy of the electron is greater than that of an 
optical phonon, so the electron tends to transfer to the network 
portion of the energy supplied by the electric field. In this ternary 
material BxGa(1-x)N, the acoustic scatterings, which are 
proportional to the square of the energy, increase with the boron 
compositions, since the energy gap and  other valleys also increase. 
Moreover, the difference between the probabilities of the 
interactions in the lateral valleys L and X increases with increasing 
boron compositions, because the energy ELX increases with the 
addition of boron. 

 

 

  

 

 

 

 

 

 

Fig.3. Acoustic scattering rates of   BxGa(1-x)N at 300 K for different boron 
compositions. 
 
Figure 4 shows the evolution of the acoustic scatterings in the 
ternary material B0.5Ga0.5N for different temperatures at Ez = 100 
kV / cm. Note that there is a significant increase in the probability 
of these scatterings when the temperature increases. 
 

   

 

 

 

 

 

 

 
 
 
 
 
Fig.4. Acoustic scattering  rate of B0.5Ga0.5N at different temperatures. 
 
c. Polar optical scattering rate:  
 
         The polar optical scattering is characterized by a polar optical 
phonon exchange (energy  ), and by strong anisotropy in all 
probable finish states. States corresponding to nearly zero deviation 
of the wave vector are strongly favored. The electron, which is 
driven in the direction of the field during the free flight phase, will 
be diverted from that direction under the effect of this scattering. 
As can be seen in Fig. 5, the scatterings decrease while the boron 
composition increases. Therefore, the electrons will have greater 
mobility and a longer lifetime. These are desired properties for 
applications in optoelectronics. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 4. Acoustic scattering  rate of B0.5Ga0.5N at different temperatures.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

Fig.5. Polar optical scatterings rates for BxGa(1-x)N at 300 K  for different 
boron compositions. 
 
In Fig. 6, we note a slight increase in the probability of the polar 
optical scattering rates when the temperature increases. The effect 
of temperature is greater for acoustic and piezoelectric scatterings 
rates, which means that the scatterings depend greatly on the 
energy gap. 

 

 

 

    

 

 

 

 
 
 
 
 
 
 
 
Fig .6.  Polar optical scattering  of B0.5Ga0.5N for different temperatures. 
 
4.2. Effect of boron content and temperature on steady 
state electron transport 
 

A. Electronic Energy 
 

          We present in Fig. 7, the average energy for the BxGa(1-x)N 
alloy as a function of electric field for different boron compositions. 
If we examine the average electron energy as a function of applied 
electric field, we see that there is a sudden increase, about 100 
kV/cm in the case of GaN. Initially, the average energy of the 
electrons is low, barely higher than the thermal energy, 3/2 kBT (kB 
Boltzmann's constant). The reason for this increase is that the 
dominant mechanism of energy loss for many III-V compounds 
including nitrides is due to the interaction of polar optical phonons.  
It is observed that by adding boron, the energy gap increases, so it 
is necessary to apply a stronger electric field. Consequently, the 
critical electric field becomes larger, reachin 300 kV /cm for BN, but 
not exceeding 170 kV/cm in GaN. Moreover, the intervalley energy 
decreases with increasing boron composition, so that the average energy 

decreases and does not exceed 9×10eV in the case of BN, while that of 
GaN is around 3.5×102 eV. 
 
 
 
 
 
 
 
 
    

 

 

 

 

 
 
Fig.7. The electron energy versus the applied electric field of BxGa(1-x)N 
alloy for different boron compositions. 
 
 
The electron energy as a function of the applied electric field for 
different temperatures in B0.5Ga0.5N is shown in Figure 8. It is 
noted that the energy is reduced by increasing the temperature due 
to the small phonon absorption rates at low temperature. Therefore 
the fractional number of electrons in the Γ valley at low 
temperature is high. 
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Fig.8. The electron energy versus the applied electric field of B0.5Ga0.5N 
alloy for different temperature. 

B. Drift Velocity 

The simulated velocity-field characteristics of the Zinc-blende 
ternary BxGa(1-x)N alloy for  x=0%, 15%, 35%, 50%, 60%, 80%, 
and 100% boron compositions at 300 K, with the doping 
concentration set to 1017 cm-3. The electric field applied along one 
of the cubic axes is presented in Fig. 9. 

 

 

 

 

 

 

 

Fig. 5. Polar optical scatterings rates for BxGa(1-x)N at 300 K  for 
different boron compositions.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

Fig.5. Polar optical scatterings rates for BxGa(1-x)N at 300 K  for different 
boron compositions. 
 
In Fig. 6, we note a slight increase in the probability of the polar 
optical scattering rates when the temperature increases. The effect 
of temperature is greater for acoustic and piezoelectric scatterings 
rates, which means that the scatterings depend greatly on the 
energy gap. 

 

 

 

    

 

 

 

 
 
 
 
 
 
 
 
Fig .6.  Polar optical scattering  of B0.5Ga0.5N for different temperatures. 
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The electron energy as a function of the applied electric field for 
different temperatures in B0.5Ga0.5N is shown in Figure 8. It is 
noted that the energy is reduced by increasing the temperature due 
to the small phonon absorption rates at low temperature. Therefore 
the fractional number of electrons in the Γ valley at low 
temperature is high. 
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B. Drift Velocity 

The simulated velocity-field characteristics of the Zinc-blende 
ternary BxGa(1-x)N alloy for  x=0%, 15%, 35%, 50%, 60%, 80%, 
and 100% boron compositions at 300 K, with the doping 
concentration set to 1017 cm-3. The electric field applied along one 
of the cubic axes is presented in Fig. 9. 

 

 

 

 

 

 

 

Fig. 6. Polar optical scattering  of B0.5Ga0.5N for different temperatures.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

Fig.5. Polar optical scatterings rates for BxGa(1-x)N at 300 K  for different 
boron compositions. 
 
In Fig. 6, we note a slight increase in the probability of the polar 
optical scattering rates when the temperature increases. The effect 
of temperature is greater for acoustic and piezoelectric scatterings 
rates, which means that the scatterings depend greatly on the 
energy gap. 
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including nitrides is due to the interaction of polar optical phonons.  
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is necessary to apply a stronger electric field. Consequently, the 
critical electric field becomes larger, reachin 300 kV /cm for BN, but 
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The electron energy as a function of the applied electric field for 
different temperatures in B0.5Ga0.5N is shown in Figure 8. It is 
noted that the energy is reduced by increasing the temperature due 
to the small phonon absorption rates at low temperature. Therefore 
the fractional number of electrons in the Γ valley at low 
temperature is high. 
 

 

 

   

 

 

 

 
 
 
 
Fi 

Fig.8. The electron energy versus the applied electric field of B0.5Ga0.5N 
alloy for different temperature. 
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The simulated velocity-field characteristics of the Zinc-blende 
ternary BxGa(1-x)N alloy for  x=0%, 15%, 35%, 50%, 60%, 80%, 
and 100% boron compositions at 300 K, with the doping 
concentration set to 1017 cm-3. The electric field applied along one 
of the cubic axes is presented in Fig. 9. 
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Fig.5. Polar optical scatterings rates for BxGa(1-x)N at 300 K  for different 
boron compositions. 
 
In Fig. 6, we note a slight increase in the probability of the polar 
optical scattering rates when the temperature increases. The effect 
of temperature is greater for acoustic and piezoelectric scatterings 
rates, which means that the scatterings depend greatly on the 
energy gap. 

 

 

 

    

 

 

 

 
 
 
 
 
 
 
 
Fig .6.  Polar optical scattering  of B0.5Ga0.5N for different temperatures. 
 
4.2. Effect of boron content and temperature on steady 
state electron transport 
 

A. Electronic Energy 
 

          We present in Fig. 7, the average energy for the BxGa(1-x)N 
alloy as a function of electric field for different boron compositions. 
If we examine the average electron energy as a function of applied 
electric field, we see that there is a sudden increase, about 100 
kV/cm in the case of GaN. Initially, the average energy of the 
electrons is low, barely higher than the thermal energy, 3/2 kBT (kB 
Boltzmann's constant). The reason for this increase is that the 
dominant mechanism of energy loss for many III-V compounds 
including nitrides is due to the interaction of polar optical phonons.  
It is observed that by adding boron, the energy gap increases, so it 
is necessary to apply a stronger electric field. Consequently, the 
critical electric field becomes larger, reachin 300 kV /cm for BN, but 
not exceeding 170 kV/cm in GaN. Moreover, the intervalley energy 
decreases with increasing boron composition, so that the average energy 

decreases and does not exceed 9×10eV in the case of BN, while that of 
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Fig.7. The electron energy versus the applied electric field of BxGa(1-x)N 
alloy for different boron compositions. 
 
 
The electron energy as a function of the applied electric field for 
different temperatures in B0.5Ga0.5N is shown in Figure 8. It is 
noted that the energy is reduced by increasing the temperature due 
to the small phonon absorption rates at low temperature. Therefore 
the fractional number of electrons in the Γ valley at low 
temperature is high. 
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Fig.8. The electron energy versus the applied electric field of B0.5Ga0.5N 
alloy for different temperature. 

B. Drift Velocity 

The simulated velocity-field characteristics of the Zinc-blende 
ternary BxGa(1-x)N alloy for  x=0%, 15%, 35%, 50%, 60%, 80%, 
and 100% boron compositions at 300 K, with the doping 
concentration set to 1017 cm-3. The electric field applied along one 
of the cubic axes is presented in Fig. 9. 

 

 

 

 

 

 

 
Fig. 8. The electron energy versus the applied electric field of 
B0.5Ga0.5N alloy for different temperature.
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B. Drift velocity
The simulated velocity-field characteristics of the Zinc-blende 

ternary BxGa(1-x)N alloy for x=0%, 15%, 35%, 50%, 60%, 80%, and 
100% boron compositions at 300 K, with the doping concentration 
set to 1017 cm-3. The electric field applied along one of the cubic axes 
is presented in Fig. 9.

We see that the curves show the existence of three phases, a rapid 
and linear increase in the drift velocity with a peak and then the 
decrease of speed until saturation. The peak drift velocities for BN 
(X=100%), B0.8Ga0.2N (X=80%), B0.5Ga0.5N (X=50%) and GaN (X=0%) 
are about 2.42×107 cm/s, 1.69×107 cm/s, 1.03×107 cm/s and 6.8×106 
cm/s at an electric field of about 139.8 kv/cm, 187.7 kv/cm, 95 
kv/ cm and 109 kv/cm, respectively. We compared our results with 
previously published work by F. Nofeli [23] and by Rezaee Rokn-
Abadi [24]. The authors used the AlGaN material, which has the 
same allure. We think the results are in satisfactory agreement. In 
fact, when the electric field increases above the threshold, the drift 
velocity decreases. With a high field, the mobility is not constant and 
varies greatly with the electric field. Beyond a certain critical field, 
the electrons gain enough energy to transfer to the lateral valleys, 
which leads to a drop in mobility, then to a saturation velocity of all 
carriers’ vsat. This critical field is greatest in the BN (x=0%) material. 
In the B0.5Ga0.5N alloy, as in GaN (x=100%), we note that the electron 
drift velocity increases with the “x” in BxGa(1-x)N alloy. This effect is, 
because by increasing the boron composition within BxGa(1-x)N, the 
energy gap and the effective masse of electrons in the central valley, 

decrease. This causes an increase in their speed. The energy gap  
ΔErL (transfer of electrons starting from the valley Γ to the valley L) 
is the most important factor and the probability of interaction with 
polar optical phonons are higher.

At room temperature, many electrons have higher energy than 
the energy of polar optical phonons. If we vary the temperature 
(Fig. 10), the peak of the drift velocity decreases as soon as 
the temperature increases. This is due to the effect of acoustic 
scattering, which becomes important as the temperature increases 
and subsequently increases the lattice vibrations. The increase in 
temperature results in a decrease in mobility due to interaction with 
impurities.

5. CONCLUSIONS

We have presented the effect of boron content and temperature 
on interactions and on steady state electron transport in the 
ternary compound BxGa(1-x)N for different amounts of boron, using 
the Monte carlo method to simulate transport phenomena. The 
obtained results show that the probability of piezoelectric and 
acoustic scatterings increases with increasing boron compositions 
and with the temperature whereas the polar optical scattering rate 
decreases as the boron composition increases. When the electric 
field increases above the threshold, the velocity decreases, but 
the velocity increases with increasing boron composition. Finally, 
we can conclude that the temperature has a greater effect on 
piezoelectric and acoustic scatterings, which greatly depend on 
the energy gap. The analysis of the results for the drift velocity of 
electrons demonstrates the remarkable effect of the boron content 
in the BxGa(1-x)N alloy and the applied field on the dynamics of 
holders within the lattice as a result of interaction mechanisms.
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electric field for different boron compositions. 
 
 
We see that the curves show the existence of three phases, a rapid 
and linear increase in the drift velocity with a peak and then the 
decrease of speed until saturation. The peak drift velocities for BN 
(X=100%), B0.8Ga0.2N (X=80%), B0.5Ga0.5N (X=50%) and GaN 
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and 6.8×106 cm/s at an electric field of about 139.8 kv/cm, 187.7 
kv/cm,  95 kv/ cm and 109 kv/cm, respectively. We compared our 
results with previously published work by F. Nofeli [23] and by 
Rezaee Rokn-Abadi [24]. The authors used the AlGaN material, 
which has the same allure. We think the results are in satisfactory 
agreement. In fact, when the electric field increases above the 
threshold, the drift velocity decreases. With a high field, the 
mobility is not constant and varies greatly with the electric field. 
Beyond a certain critical field, the electrons gain enough energy to 
transfer to the lateral valleys, which leads to a drop in mobility, 
then to a saturation velocity of all carriers’ vsat. This critical field 
is greatest in the BN (x=0%) material. In the B0.5Ga0.5N alloy, as in 
GaN (x=100%), we note that the electron drift velocity increases 
with the “x” in BxGa(1-x)N alloy.  This effect is, because by 
increasing the boron composition within BxGa(1-x)N, the energy gap 
and the effective masse of electrons in the central valley, decrease. 
This causes an increase in their speed. The energy gap ∆EгL 
(transfer of electrons starting from the valley Γ to the  valley L ) is 
the most important factor and the probability of interaction with 
polar optical phonons are higher.  

 

 

 

 

 

 

 

 

 

 
Fig.10. The electron drift velocity within B0.5Ga0.5N alloy versus the 
applied electric field for different temperatures. 
 

 
At room temperature, many electrons have higher energy than the 
energy of polar optical phonons. If we vary the temperature 
(Fig.10), the peak of the drift velocity decreases as soon as the 
temperature increases. This is due to the effect of acoustic 
scattering, which becomes important as the temperature increases 
and subsequently increases the lattice vibrations. The increase in 
temperature results in a decrease in mobility due to interaction with 
impurities. 

5. Conclusions 

          We have presented the effect of boron content and 
temperature on interactions and on steady state electron transport in 
the ternary compound BxGa(1-x)N for different amounts of boron, 
using the Monte Carlo method to simulate transport phenomena. 
The obtained results show that the probability of piezoelectric and 
acoustic scatterings increases with increasing boron compositions 
and with the temperature whereas the polar optical scattering rate 
decreases as the boron composition increases. When the electric 
field increases above the threshold, the velocity decreases, but the 
velocity increases with increasing boron composition. Finally, we 
can conclude that the temperature has a greater effect on 
piezoelectric and acoustic scatterings, which greatly depend on the 
energy gap. The analysis of the results for the drift velocity of 
electrons demonstrates the remarkable effect of the boron content 
in the BxGa(1-x)N alloy and the applied field on the dynamics of 
holders within the lattice as a result of interaction mechanisms.   
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