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A theoretical model of energy loss mechanism as a function of electron temperature and electron concentration has been 
given forn-type GaN structures. The energy relaxation rates and mobility for warm and hot electrons have been calculated 
for over the electron temperature(Te) range of 1.5 to 500 K at lattice temperature To=1.5 K. It has been found that the 
acoustic phonon scattering due to deformation potential and piezoelectric coupling are the dominant scattering mechanisms 
at low electron temperatures (Te<100 K). For Te >100 K, the polar optic phonon scattering becomes the effective scattering 
mechanism.  The optic phonon energy of GaN was obtained as 91.8 meV and the PO phonon emission time as 8.6 fs. Also, 
the drift velocity of electrons as function of electron temperature and electric field has been obtained. The theoretical results 
are compared with available experimental results and a good agreement is observed.  
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1. Introduction 
 
Over the past decade, there has been a great deal of 

interest in the study of the transport properties of nitride-
based material systems, such as GaN, due to their wide 
band gap [1-8].  Advantages associated with a large band 
gap include higher breakdown voltages, the ability to 
sustain large electric fields, lower generation noise, 
radiation hardness and high temperature operations. The 
nitride-based materials have also opened the opportunity 
to be used as emitters, detectors and microwave electronic 
devices. The nitride material systems have been shown to 
be very suitable for applications such as laser and light 
emitting diodes [9], ultraviolet detectors [10] and Bragg 
reflector [11]. For example, blue and violet laser emissions 
at room temperature have already been commercialized 
[12-14]. In addition, GaN based lasers are important for 
high density optical read-write technologies [12].   

In order to analyse and improve the performances of 
devices based on these materials, an understanding of 
electron transport is necessary. The process of carrier 
energy relaxation is central to the behaviour of 
semiconductor devices. Investigating of carrier energy 
relaxation also give information about the electron-phonon 
interactions which are of fundamental importance in the 
physics of semiconductors. For these reasons, the energy 
relaxation mechanisms and the scattering processes have 
been extensively studied in III-V material based devices 
[15-24]. The scattering theories of the III-V materials have 
been developed by several workers [15, 16, 20-23, 25-27]. 
Though much progress has been made in developing GaN 
based devices, many problems still persist including 
surface breakdown, large gate leakage currents etc. 
Investigating the energy relaxation mechanisms of carriers 
in this material may help to understand and solve these 
problems. The main characteristics of the carrier-phonon 
interaction and the carrier energy dissipation in GaN are 

expected to be rather different to the relatively well 
understood GaAs. The reasons for this property are that, 
the large polar optic phonon energy in GaN, the strong 
piezoelectric constant at very low temperature, the strong 
impurity and defect scattering which can influence the 
electron-phonon interaction.  

The main objective of this work is to investigate the 
electrical transport properties of n-type GaN structures. 
Firstly, the energy loss rates and mobility (µ) of electrons 
as a function of electron temperature (Te) and electron 
concentration (ne) have been determined by taking various 
scattering mechanisms such as the acoustic phonon 
scattering via deformation potential(DP), piezoelectric(PZ) 
coupling and the polar optic(PO) phonon scattering. 
Secondly, the GaN optic phonon energy and the PO 
phonon emission time τ were determined. Finally, electric 
field (E) and Te dependence of drift velocity (υd) of 
electron have been obtained. 

 
 
2. Theoretical background 

 
The electron-phonon scattering rate and their 

dependence of Te and E can be used in order to determine 
the energy loss of an electronic system which gains energy 
from electric field and should transfer this energy to the 
lattice through collisions. As a results, the average energy 
on electron temperature of the electrons increases with the 
consequent decrease in the momentum relaxation time. 
Under steady state conditions, warm and hot electron 
phenomena are governed by the balance between the 
power input to the electronic system from the applied 
electric field and the energy loss of electrons, which are 
usually dominated by the inelastic collisions between the 
electrons and the phonons. It is possible that the fraction of 
excess energy leading to the heating of electrons can be 
known by using the power supply to the electronic system. 
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The joule input power per electron should be to be equated 
to the energy loss rate of electrons. So, the energy loss of 
electrons can be taken equal to the energy loss rate of 
phonons. By using balance equations, the energy loss rates 
and mobility of electrons as a function of Te and ne can be 
determined.  

In order to investigate the contribution of energy 
dissipation of electrons via phonon scattering, the energy 
relaxation rates have to be calculated. In the materials of 
interest, the interaction of electrons and phonons may be 
treated by perturbation theory. The theoretically calculated 
energy loss rates differ from each other depending on the 
theoretical models adopted in their calculations. In order to 
test the various theoretical predictions about the behaviour 
of energy loss processes of the carriers due to different 
type of scattering mechanisms, one has to know which 
type of scattering is predominant in a given sample of 
material, temperature, carrier concentration and electric 
field range.   

 In this paper, we present a theoretical model for the 
energy relaxation rates and mobility from available 
theoretical approach. The theoretical calculations have 
been carried out by using the model given by Shah [23], 
Conwell [25], Seeger [26] and Lee et al. [27]. We have 
performed analytical electron temperature based model by 
using a weak perturbation based method. The energy 
relaxation rates and mobility expressions are given as a 
function of electron concentration and electron 
temperature. This allows us to determine Te dependence of 
mobility and the energy loss rates of GaN for different 
electron concentrations. To obtain the energy relaxation 
rates of electrons, dtde , and the mobility µ, momentum 

and energy balance equations are used and can be given 
as, 
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the expressions for the various mobility µj and energy loss 
rates 

i
dtde can be given by considering different 

scattering mechanisms. 
The experimental and theoretical calculations for the 

steady state energy loss are based on the fundamental 
assumption that the electron-electron (e-e) scattering 
results in the thermalisation of the electrons. Hence, a non-
equilibrium electron gas can be presented by a statistical 
electron temperature, Te. In order to obtain the average rate 
of energy loss for electrons, it is necessary to specify the 
distribution function. A distribution that has been found 
convenient to use in this connection is the drifted 
Maxwell-Boltzmann distribution for the non-degenerate 
case. A method of calculating Te dependence of energy 
loss of electrons with simplifying of a Maxwell-

Boltzmann distribution consist of averaging momentum 
relaxation time over this distribution and calculating the 
energy loss rates as a function of Te, from momentum and 
energy balance equations.  The validity of this distribution, 
which depends on the dominance of the e–e scattering on 
the other scattering mechanism in thermalizing the 
electron distribution, is expected to hold even a high field 
due to the high electron concentration. Thus, we assume 
that the distribution function of the central valley electrons 
to be a drifted Maxwell-Boltzmann distribution.  

In GaN, the presence of a strong internal polarization 
arising from the spontaneous and the PZ effects leads to 
the creation of stronger band bending and contributes to 
very high sheet carrier densities even in absence of 
intentional doping. Polarization arises in GaN due to its 
high ionicity which causes large PZ effects, hence PZ 
coefficients are almost in the order of magnitude larger 
than the traditional III-V materials [28]. This large PZ 
effect can also cause a large acoustic phonon scattering 
especially at low temperatures. Another acoustic phonon 
mode scattering mechanism is that due to the DP coupling. 
This mechanism is effective at low and intermediate 
temperatures. At high temperature, electrons lose their 
energies by emitting longitudinal optic phonon. Hence, the 
dominant scattering mechanism is the PO phonon 
scattering mechanism. In such cases, the main scattering 
mechanisms consist of scattering by the PZ acoustic 
phonon, the DP acoustic phonon and the PO phonon.  

In the electron temperature approach, the energy 
relaxation rate can be given as a function of Te and ne. The 
expression for the energy loss rate term, dtde , as a 

function of Te and ne, can be defined by considering the 
different scattering processes. We expect that the energy 
flow from the electronic system will be mainly through the 
acoustic phonon emission via the DP and PZ coupling 
which dominant mechanisms of energy loss of GaN at low 
and intermediate temperature values.  

If a crystal consists of dissimilar atoms such as GaN, 
the bonds are partly ionic and the unit cell does not contain 
a centre of symmetry and exhibiting strong PZ effects, 
especially at very low temperature, electron may be 
scattered by the acoustic phonons due to the PZ coupling. 
For the calculation of the energy loss rate as a function of 
Te and ne due to acoustic phonon via the PZ scattering for 
the non-degenerate case, the perturbation based model is 
used, as given by [23, 25-27,29], 
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and also mobility can be given by, 
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here, kB is the Boltzmann constant, r is the density of 
GaN, e is the electric charge of electron, m is the effective 
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mass of electron, To is the lattice temperature, ul is the 
longitudinal sound velocity, e14 is piezoelectric constant, εs 
is the static dielectric constant of GaN, εo is the free space 
dielectric constant,h is the reduced Fermi energy and Fj(h) 
are Fermi integrals. 

Additionally, the scattering of conduction electrons by 
acoustic phonons requires the theorem of the deformation 
potential. The variation of conduction band edge with 
lattice constant can be taken linear for a small change in 
the lattice spacing as it occurs in an acoustic phonon. The 
change in the energy of electron is proportional to the 
periodic dilation in an acoustic phonon. The factor of 
proportionality is the deformation potential constant of the 
conduction band. In steady state, when all the acoustic 
modes are fully excited, the average energy loss per unit 
time of an electron to the crystal lattice due to acoustic 
phonon emission via the DP interaction at temperature Te 
is given by, 
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and the mobility 
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where D is the DP constant.  

At high electron temperature, the interaction of 
electrons with the optic phonons is known as the polar 
optic (PO) phonon scattering which becomes to dominate 
the energy relaxation mechanism.  In the absence of hot 
phonon effects as assuming Te >>To, the average energy 
loss rate per electron energy due to the PO phonon 
emissions is given by the expression[23, 25-27,29], 
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and mobility 
 

( ) ( )[ ] )()2/(1)2/(1

)8(
1

2

)(31

2/1
1

1

2/42/5

3

h

wp
m

FXKXK

E

Tkm

n

eo
XX

e
XX

X

X

oo

eB

e
po

eoeo

e

o

ee
e
e

--- -++

÷÷
ø

ö
çç
è

æ -
÷÷
ø

ö
çç
è

æ
=

h    

 
here, eBoe TkX /wh= , oBoo TkX /wh= , wo is the PO 
phonon frequency for GaN. Ko and K1 are the Modified 

Bessel Functions of the second kind. ¥e is the high 
frequency dielectric constant of GaN and Eo is the critical 
electric field strength. We assume here that the 
expressions for the energy loss rates as a function of Te are 
the same form as those bulks GaN. 

The theoretical results were obtained by numerical 
evaluation of equations (1-8). 

 
 
3. Results and discussion 

 
To test the validity of the theoretical model, the results 

of the calculated energy loss rate were compared with the 
experimental results of Stanton et al [24]. Also, the 
computed results of mobility have been compared with the 
experimental results of Nakamura et al [30]. Figure 1(a) 
and Figure 1(b) show the theoretical results of the energy 
loss rates per electron as a function of Te in the range of 
1.5<Te<500 K for the electron concentrations of 9.2×1024 
m-3 and 1.13×1024 m-3, respectively. 

 

 
(a) 

 

 
(b) 

 
Fig. 1. The energy loss rates of electrons as a function of 
electron temperature in GaN at lattice temperature 
To=1.5 K.  (a) for the electron concentration of 9.2 x1024 
m-3 and (b) for the electron concentration of 1.13x1024 m-

3. The contributions of piezoelectric coupling (pz-
dash_dot line), deformation potential (dp-dash line) and 
polar optic phonon emission (po-dash_dot_dot line) are 
shown by lines. The solid line shows the total 
contribution of the whole scattering mechanisms. The 
squares  show  the  experimental  results of Stanton  et  al  
                                              [24]. 

 
Considering first the low and intermediate Te region 

(Te<100 K), the solid lines through the experimental data 
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points in Fig. 1 are obtained by numerical evaluation of 
eqs. (3, 5, 7). The calculated results confirm that the 
acoustic phonon scattering due to the PZ and DP 
interactions are dominant on the energy loss. As 
mentioned earlier, GaN materials exhibit strong PZ effects 
which is clearly seen in Fig.1 that the acoustic phonon 
scattering via the PZ coupling is higher than the acoustic 
phonon scattering due to the DP and the PO phonon 
scattering at very low electron temperatures Te<35 K.  In 
the temperature range of 35 K<Te<100 K, the acoustic 
phonon scattering due to the DP interaction dominates the 
energy loss process.  
 

 
 

(a) 
 

 
 

(b) 
 

Fig. 2. The theoretical results for power loss per 
electron, Pe as a function of inverse electron 
temperature, 1/Te (lines). (a) for ne=9.2×1024 m-3, (b) for 
ne=1.13×1024 m-3 .   The      experimental      results    are    
                            also shown (squares). 

 
Fig. 2 (a) and (b) show the energy loss rates per 

electron as a function of inverse Te for two different ne as 
the same of Fig. 1. Fig. 2 shows that the energy loss per 
electron is seen to increase with the increasing Te. It is also 
clearly shown that the acoustic phonon mode scattering 
due to the PZ and DP coupling determines the energy loss 

processes in the electron temperature range of 1.5<Te<100 
K, which can be called the acoustic phonon region. The 
theoretical results of energy loss rates were compared with 
the experimental results of Stanton et al [24]. It can be 
seen from Fig.1 and Fig.2 that a good agreement is 
observed between the both results. A transition from the 
acoustic phonon emission due to the PZ coupling to the 
acoustic phonon emission due to the DP interaction occurs 
at the electron temperature Te ≈ 35 K. Therefore, the 
emission of the PZ coupled phonons is dominant at Te<35 
K. This situation is different to bulk GaAs for which the 
PZ coupling is much smaller, the DP coupling dominates 
the overall energy loss rate at all but the very lowest Te 
[31]. The theoretical model is well able to account for the 
important features of the experimental results at low and 
intermediate electron temperatures. Therefore, it is 
possible to say that, the theoretical model works well in 
the acoustic phonon regime. However, it is also observed 
that at the acoustic phonon region, there is a region close 
to the PZ-DP coupling transition region where the 
experimental energy loss rates are larger than the 
theoretical value. This transition region can be seen from 
Figs. 1 and 2. Possible reason for this might be due to the 
screening effect of large piezoelectric coupling. This effect 
is not included in the theory of this study.  

When Te increases further, the PO phonon mechanism 
affects the energy relaxation processes. For Te>100 K, the 
dominancy of the PO phonon scatterings can be seen in 
Fig.1 and Fig 2. Although, the acoustic phonon emission 
due to the DP coupling still exists, the contribution from 
the PZ coupling is much smaller than the other two 
scattering mechanisms. The agreement between the 
theoretical and experimental results of energy loss rates is 
also very good in this region.  

A plot of ln(Pe) versus 1/Te, gives a straight line at 
Te>100 K in Fig. 2, where can be called optic phonon 
regime.  From the slope of the line, the GaN optic phonon 
energy can be obtained as 91.8 meV, in good agreement 
with other methods [24, 32, 33]. The line intercepts the 
power loss axis at 1.7×10-5 W per electron, 
from twe /odtd h= , the PO phonon emission time τ 

was obtained as 8.6 fs. This value is also in good 
agreement with the theoretical value of 8.4 fs of the other 
model [24]. It is also clear from Fig.1 and Fig.2 that the 
theoretical model works also well at high temperature 
region. Therefore, the theoretical model used here works 
well to be able to account for the important features of 
energy loss mechanisms of GaN structure.  

To test the validity of the theoretical model over an 
electron temperature range, we also calculate the mobility 
(µ) of electron for an electron concentration. The 
calculated results of µ compare with experimental mobility 
measurement of Nakamura et al [30]. Fig. 3 shows Te 
dependence of mobility for ne=3×1024 m-3. As can be seen 
in Fig. 3 that, at Te<90 K, the mobility increases with the 
increasing Te, where the acoustic mode scattering 
dominates the transport process. Fig. 3 also shows that, the 
agreement between the computed results and the 
experimental results is good within the experimental 
uncertainty, especially at Te<150 K. At Te>150 K, the 



Electrical transport properties of n-type GaN                                                                       767 
 

theoretical results deviate from the experimental results. 
This implies that, there are other scattering mechanisms 
not included to the model that affect the mobility of 
electrons. Fig.3 shows that there is a region close to the 
acoustic-optic phonon crossover where the theoretical 
results of mobility deviate from the experimental mobility 
values. There could be several possible reasons for this 
discrepancy.  

 

 
 

Fig. 3. Electron   temperature   dependence   of   electron 
mobility       for       the      electron      concentration     of           
ne=3.0×1024 m-3. The   solid   lines   are   the   theoretical 
results.   The   squares   show  the experimental results of   

Nakamura et al [30]. 
 

The samples might have the strong defect scattering 
and the momentum conservation selection rule relaxed. 
Also, the emission of coupled plasmon-optic phonon 
modes and emission of transverse optic phonons exist in 
the energy loss processes. Both the transverse optic 
phonon and plasmon-optic phonon coupling have a lower 
energy than the longitudinal optic phonons and so may be 
emitted at Te below the crossover to longitudinal optic 
phonon emission. Therefore, the results in Fig.3 suggest 
that the emission of plasmon-optic phonon coupled modes 
leads to the increase of the energy relaxation rate. 

It should be noted that, the model we have used in this 
study assumes that the momentum relaxation dependence 
on Te is identical to its dependence on lattice temperature 
and also that ne does not change with Te. In the theoretical 
calculations, ne is assumed to be constant for the whole Te 
range. However, at high Te, the electrons may be excited 
into non-conducting region.  This observation might be 
directly related to the exponential decay of the current 
with electric field (E). The capture of electrons increases 
with the increasing E, hence mobility will gradually 
deviate further from the experimental results with the 
increasing Te as observed. The hot electron capture may be 
associated with large potential fluctuations, which 
generally are seen in GaN [28].  

Another reason of the discrepancy might be the 
presence of non-equilibrium hot phonons in the high 
temperature region. The behaviour of theoretically 
obtained results are gradually reduced with compared with 
experimental ones, what would be expected if there were 
hot phonons are present in this Te region. However, the hot 
phonon reabsorption not only enhances the momentum 

relaxation rate but also reduces the energy relaxation rates. 
The more rapid increase in Te with the increasing E is 
responsible for the reduction in mobility and thus in drift 
velocity due to the enhanced electron-phonon scattering. If 
this is correct, the magnitude of the experimental results 
should deviate from the theoretical results of the energy 
loss rate which does not include the hot phonon effect. In 
GaN materials, the electron-optic phonon interactions exist 
at high Te region. Therefore, the hot phonon effect starts 
being effective mechanism and this may be one of the 
reasons for the discrepancy between theoretical and 
experimental results.  

The other reason for the observed disagreement 
between the experimental and theoretical mobility results 
at high Te, hence high E region, might be at variance with 
one of the other assumptions made in the theory. The 
model does not take into account the population of higher 
subbands which is more likely to occur in GaN and also 
ignores the possible surface charge effect on the electron 
transport. The other possible scattering mechanism is the 
intervalley scattering which is important at high 
temperature for bulk semiconductors, which is also not 
included to the theory. Therefore, the electronic system is 
no longer non-degenerate and the distribution of electrons 
should be described by different theoretical approach than 
the theory of this study.  

In addition, the theoretical calculations for the steady 
state power dissipation are based on the fundamental 
assumption that the electron-electron (e-e) scattering 
results in the thermalisation of the electrons, and hence a 
non-equilibrium electron gas system can be represented by 
a statistical electron temperature. This assumption is true 
for an electron system that the energies lower than the 
optic phonon energy where the e-e interaction is strong 
enough to establish a maxwellian distribution. The e-e 
interaction is not taken into account in the theory. But, 
several workers [34, 35] indicate that one of the main 
scattering mechanism is the e-e scattering which 
determines the energy and momentum relaxation rate in 
the high Te region. Therefore, the accuracy of the electron 
temperature model which we have used in this study to 
obtain mobility for higher Te region is questionable.   

 

 
 
Fig. 4. Energy loss rates per electron at Te=10 K and 
lattice temperature To=1.5 K as a function of the electron 
concentration. The solid line shows the results of 
theoretical calculation. The  dots  show  the experimental  
                          results of Stanton et al [24]. 
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The expressions which are used in this work, for the 
various energy loss rates and mobility terms are also 
dependent on ne. This gives us the possibility to calculate 
the mobility and the energy loss rates as a function of ne. 
Figure 4 shows the dependence of the energy loss rates on 
various ne at Te=10 K. The Figure clearly shows that, the 
energy loss rate is nearly independent of ne at low Te, 
where the PZ coupling is the dominant scattering 
mechanism. When the acoustic phonon emission due to 
the DP interaction and the optic phonon emission 
dominate the processes, the energy loss rate is seen to 
decrease with the increasing ne. We compare the computed 
results with the experimental results of Stanton et al [24]. 
A reasonable good agreement is obtained between theory 
and experimental measurement within the experimental 
uncertainty. The solid line is obtained by numerical 
evaluation of eqs. (3, 5, 7).  

We have also obtained Te and E dependence of υd by 
using the equation of deEdtd ue = for ne=9.2x1024 m-3. 

The results are shown in Figs. 5 and 6. Fig. 5 shows that, 
υd increases linearly with the increasing E in the range of 
E<1 V/cm. Then, it starts to increase very sharply in the 
range of 1<E<10 V/cm which is the first part of the 
acoustic phonon scattering regime due to the deformation 
potential. Fig. 5 also shows that, when E >10 V/cm, υd 
starts to saturate at 2.5×106 cm/s, corresponds to the 
electric field region where the PO phonon scattering 
dominates both the momentum and the energy dissipation. 
Also, υd stay almost constant with E up to 2×103 V/cm in 
the same phonon regime. 

 

 
 

Fig. 5. Electric field dependence of drift velocity for the 
carrier  concentration  of  ne=9.2x1024 m-3 at  the  lattice 

temperature of To=1.5 K. 
 

When the acoustic phonon emission via the PZ 
coupling dominates totally the energy loss processes, υd  is 
increasing sharply with Te at Te<2 K, which can be seen 
from Fig. 6. Electron heating is seen to occur at Te>2 K. 
The drift velocity increases linearly with Te up to 100 K, 
after where it starts to saturate. At the first part of linear 
region, the PZ coupling determines the electron behaviour. 
Then, the DP interaction starts to involve to the process 
and stay effective up to the end of the region, in the range 
of 35 K<Te<100 K. At the end of this region, the PO 
phonon scattering starts to influence the electron transport 

and electron becomes hot. The mobility of electronic 
system decreases with the increasing temperature. 
 

 
 

Fig. 6. Drift velocity of electrons as function of electron 
temperature     for     the    electron    concentration    of  
ne=9.2x1024 m-3 at the lattice temperature of To=1.5 K. 
 
The electric field dependence of electron temperature 

is shown in Fig. 7. In the low temperature region, Te 
almost not changes and stays constant with electric field 
(E<1 V/cm), where the energy loss rates have been 
determined by the acoustic phonon emission due to the PZ 
coupling. Then, the electron heating is starting at E>2 
V/cm and Te>2 K and Te starts to increase very sharply 
with field in the electric field range of 2<E<10 V/cm up to 
Te = 100 K, where the acoustic mode phonon scattering 
dominates the energy loss processes. Above this electric 
field range (E>10 V/cm), Te increases more slowly with E, 
where the dominant energy loss mechanism is the PO 
phonon scattering. At this region, the electrons start to 
degenerate and hot phonons become effective.  

 

 
 

Fig. 7. Electric field dependence of electron temperature 
for the electron  concentration  of  ne=9.2x1024 m-3 at  the  
                        lattice temperature of To=1.5 K.   

 
From Figs. 5-7, we can concluded that, at very low 

fields (up to ~0.1 V/cm) where the all of the electrons 
reside in the lowest subband, υd increases linearly with E, 
with a mobility of ~100 cm2/V s. This mobility low 
compared to the room temperature, which can be seen 
from Fig. 3. The low field mobility may be influenced by 
the electron-acoustic phonon interaction due to the PZ 
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coupling. Above this electric field region, the mobility of 
electrons is the highest value of ~3000 cm2/V s in the 
range of 0.1<E<10 V/cm. For the electric field above 
about 10 V/cm, the drift velocity saturates and the cool 
electrons become hot. The mobility of the electronic 
system starts to decrease at this electric field region. It is 
possible to say that, the velocity saturation effects and 
repopulation of the various subband energy levels play 
significant roles in the velocity-field curves. 

 
 
4. Conclusions 
 
In this study, the electron transport properties were 

examined through theoretical calculations of electron-
phonon interaction effects. The variation of energy loss 
mechanisms and mobility of electrons with electron 
temperature and electron concentration have been 
investigated by using the weak perturbation based theory 
for n-type GaN. For the energy loss rates and mobility of 
electron calculations, the acoustic phonon scattering due to 
the deformation potential and the piezoelectric coupling 
and also the polar optic phonon emission mechanisms 
were taken into account. The results were obtained in the 
electron temperature range of 1.5 to 500 K at the lattice 
temperature of 1.5 K.  

To test the theoretical model, the computed results of 
energy loss rates of electrons were compared with the 
experimental results of Stanton et al [24], for two different 
electron concentrations. The agreement between 
theoretical and experimental results is very good over all 
electron temperature. It can be clearly seen that, the main 
energy loss process is the acoustic phonon scattering at 
low electron temperatures Te<100 K and the optic phonon 
emission at high electron temperature Te>100 K.  

Also, the mobility of electrons were calculated and 
compared with the experimental mobility measurement of 
Nakamura et al [30] and a good agreement has been 
obtained, especially in the electron temperature range of 
Te<150 K. Above this temperature range, the results 
predicts that, other extra scattering mechanism should be 
included to the theory.  
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