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2 Department of Physics, Cukurova University, 01330 Adana, Turkey

Received 14 November 2005
Published online 31 March 2006 – c© EDP Sciences, Società Italiana di Fisica, Springer-Verlag 2006

Abstract. We consider a two dimensional electron gas confined to a modulation doped AlGaN/GaN quan-
tum well and study the dependence of low field mobility on various parameters such as composition, well
width, remote impurity and interface roughness as a function of temperature. GaN is assumed to be in
the zincblende structure. Acoustic and optical phonon, ionized remote impurity and interface roughness
scatterings are taken into account in mobility calculations. The scattering rates are calculated using the
self-consistently calculated wave functions obtained from the numerical solution of Poisson and Schrödinger
equations. Also found from the self-consistent solutions are the potential profile at the junction, the energy
levels in the well and electron concentrations in each level. Ensemble Monte Carlo method is used to find
the drift velocities of the two dimensional electrons along the interface under an applied field. The mobility
of two dimensional electrons is obtained from the drift velocity of electrons. It is found that while remote
impurity scattering is very effective for small values of spacer layer and doping concentrations, increasing
Al concentration reduces the mobility of electrons. The effect of surface roughness, on the other hand,
on mobility is almost independent of well width. The results of our simulations are compatible with the
existing experimental data.

PACS. 72.20.Dp General theory, scattering mechanisms – 72.20.Fr Low-field transport and mobility;
piezoresistance – 73.40.Kp III-V semiconductor-to-semiconductor contacts, p-n junctions,
and heterojunctions

1 Introduction

High energy gap materials have been the subject of in-
tensive investigation for the past decade due to their
superior properties such as high electron mobility, high
heat conductivity and high breakdown voltage compared
to conventionally used materials like GaAs [1–30]. These
N containing materials (GaN, AlN and InN) known as
III-nitride semiconductors are also good candidates for
the fabrication of devices working in blue and ultravio-
let regimes of spectrum. Besides, they have high electron
mobilities and high heat conductivities [1–3].

Materials having different band gap energies are used
to obtain hetero structures to manufacture devices based
on these semiconductor structures, an idea suggested long
ago [4] and confirmed soon after [5]. In these selectively
doped semiconductor hetero structures a two dimensional
electron gas forms at the hetero interface which is usually
separated from the impurities on the high energy gap side
by a thin layer of undoped material. This separation re-
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duces the scattering of electrons due to donor impurities
and hence improves the mobility of the electrons espe-
cially at low field and temperature values. In this con-
text, AlGaN/GaN hetero structures are good candidates
for high power and high frequency amplifying devices for
communication and for other applications such as detec-
tors. Moreover AlGaN/GaN field effect transistors have
better operating characteristics at high power and high
temperatures compared to for example previously used
AlGaAs/GaAs structures.

GaN is usually grown on sapphire substrate and crys-
tallizes in wurtzite phase. Under certain conditions GaN
also crystallizes in zincblende lattice on substrates having
zincblende structure [6]. Wurtzite type GaN have strong
piezoelectric and spontaneous polarization properties and
therefore large polarization fields develop at the hetero
interfaces of AlGaN/GaN hetero structures which causes
further band bending at the junction and hence lead
to enhanced confined charge accumulation at the inter-
face [7–14]. Because of the band offset between AlGaN
and GaN, these electrons are free to move on the plane
of the hetero interface but are restricted in the direction
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perpendicular to the interface (growth direction). For this
reason the electron charge confined at the hetero inter-
face is known as a quasi two dimensional electron gas
(2DEG). Because of the high band offset value at the
junction and polarization effects just mentioned, very high
two dimensional electron concentrations can be obtained
in this structure even in the absence of any intentional
impurity doping [15,16].

In zincblende type GaN, on the other hand, spon-
taneous and piezoelectric field inductions are less pro-
nounced. In the present work we neglect spontaneous and
piezoelectric fields and study the electron transport prop-
erties in a fully relaxed modulation doped AlGaN/GaN
quantum well using ensemble Monte Carlo technique. We,
however, use the material parameters for wurtzite type
GaN for zincblende structure, since most of the parame-
ter values for these two types used in this study are close
to each other as pointed out in reference [31]. A similar
study is carried out by the present authors for a similarly
structured quantum well where modulation doping and
remote impurity scattering were neglected [17].

Charge confinement at the hetero junction, the trans-
port of these two dimensional electrons and the mobility of
these electrons have been intensively investigated for III-
nitride semiconductor hetero structures in the past decade
by many workers in the field [7–30].

In the present work we study the low field trans-
port properties of two dimensional electrons confined to
AlGaN/GaN modulation doped quantum well as a func-
tion of temperature, well width, spacer length and the
roughness of the hetero interface. The drift velocity of car-
riers, the occupation of energy levels in 2D are calculated
by an ensemble Monte Carlo technique. Electron mobility
as a function of temperature is obtained for various val-
ues of well width, remote impurities, composition, surface
roughness and spacer length. Scattering processes that are
taken into account are acoustic and optical phonon scat-
tering, remote impurity scattering and interface roughness
scattering. The scattering rates are calculated using the
wave functions obtained from the self consistent solution
of Schrödinger and Poisson equations. Emphasis is given
to the role of surface roughness scattering, well width,
spacer length, Al composition and donor concentration on
electron mobility. An exponential autocorrelation function
is used to model the interface roughness scattering. The
agreement between simulated and some experimental re-
sults are quite satisfactory.

The organization of the paper is as follows: Section 2
gives a concise summary of band gap structure for used in
the calculations the hetero junction under consideration.
In addition to material parameters used in the simulations,
adequate references for the self consistent numerical solu-
tion of Poisson-Schrödinger equations and the scattering
rates due to acoustic and optical phonons, ionized remote
impurities and interface roughness are provided in this
section. In Section 3 the main results of the Monte Carlo
transport properties of 2D electrons and their discussions
are presented. This section is devoted to the calculation of
electron velocities and electron mobilities at various tem-

Fig. 1. A typical geometry of the sample used in the simula-
tions.

peratures for various quantum well widths, Al concentra-
tions, spacer length and surface roughness parameters. A
summary and conclusions are presented in Section 4.

2 Theory

The geometry of a typical modulation doped
AlxGa1−xN/GaN quantum well hetero structure and
doping profiles used in this study is shown in Figure 1.
z-axis is chosen to be the growth axis. The Schrödinger
equation in the effective mass and Hartree approxima-
tions for a single electron [32] and the Poisson equation
for the quantum well under consideration are numerically
solved self consistently at a given temperature and for a
given distribution of donor and acceptor impurities. The
variation of effective mass with respect to Al fraction in
GaN is not considered, they are assumed to be equal to
the effective mass of electrons in the Γ valley of GaN.
The static dielectric constant in AlGaN layers is taken
to be the value that corresponds to AlN (see Tab. 1).
The two equations just mentioned are discretized using
finite difference approximations for derivatives [33,34].
We assume that the Fermi level is pinned at a value of
1 eV on the barrier side below the conduction band of
the AlGaN. On the substrate side the electric field in the
AlGaN is assumed to vanish everywhere. Al mole frac-
tions of x = 0.15, 0.2 and 0.3 are used in the calculations.
Under these circumstances the 1 eV value chosen for
Fermi level corresponds to 0.84 eV Ni Schottky barrier
of the cap material grown on the top of the AlGaN layer
on the barrier side. For more details of self consistent
calculation see [17]. The conduction band discontinuity
at the AlGaN/GaN junction is assumed to be in the
form [8,35]

∆Ec = 0.75[Eg(x) − Eg(0)] (1)

where Eg(x) is the Al fraction (x) dependent gap energy
assumed to be linearly interpolated between the the gap
energy of GaN and that of AlN. It is assumed to be of the
form [18]

Eg(x) = xEg(AlN) + (1 − x)Eg(GaN) (2)

where Eg(AlN) and Eg(GaN) are the band gaps of AlN
and GaN, respectively (see Tab. 1). From the solutions
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Table 1. Material parameters used in the mobility calculation for Al0.3Ga0.7N/GaN quantum well structure. Only the param-
eters that are used in simulations are shown for AlGaN. For further details for parameters see [31,48].

Unit GaN Al0.3Ga0.7N

Mass density ρ kg/m3 6.15×103a

. . .

Effective mass m0 0.2b 0.2

Static dielectric constant εs ε0 8.9c 8.5a

Optical dielectric constant ε∞ ε0 5.35c . . .

Elastic constant cL N/m2 2.65 × 1011a

LO-phonon energy meV 91.2a . . .

Inter valley phonon energy meV 91.2a . . .

Acoustic phonon velocity (cL/ρ)1/2 m/s 6.56×103 . . .

Deformation potential D eV 8.3a . . .

Inter valley deformation pot.

(equivalent and non-equiv.) Dij eV/m 1 × 1011* . . .

Band gap eV 3.4 4.24d

Other parameters Unit

Ni Schottky barrier eV 0.84d

Band offset ∆Ec eV 0.75[Eg(x) − Eg(0)]
e

a: Reference [49]; b: reference [1]; c: reference [31]; d: reference [3]; e: reference [8,35]. ∗: Assumed to be equal to GaAs value.

of Poisson and Schrödinger equations the number of oc-
cupied or empty states in the quantum well, the electron
concentration in each level, the wave functions and energy
eigen values corresponding to each level are obtained at a
given temperature.

A typical conduction band energy profile and the first
two eigen functions for a quantum well that corresponds
to the geometry shown in Figure 1 is depicted in Fig-
ure 2 when the temperature is T = 77 K. The param-
eters of the hetero junction are as follows (see Fig. 1):
d1 = 152 Å, d2 = 52 (spacer) Å, d3 = 80 Å and
d4 = 300 Å. The donor concentration in the AlGaN layer
is Nd = 6 × 1024 m−3, the other regions are undoped and
acceptor impurity NA = 0 everywhere. The first three sub
band energy values measured with respect to conduction
band minima are: 0.111, 0.177 and 0.281 eV. Only the first
two sub bands are populated by electrons and the elec-
tron concentrations in these two levels are calculated to
be 2.3×1012 cm−2 and 1.6×109 cm−2, respectively. Since
the Poisson and Schrödinger equations are solved at the
heterojunction using the impurity doping profile, the cal-
culated electron density and the assumed donor impurity
density are related, they are not independent parameters.

Once the electron wave functions are known, the scat-
tering rates due to various mechanisms can be calcu-
lated. The scattering processes that are included in our
calculations in 2D are as follows: acoustic and optical
phonon [36–38] remote impurity [32,39,40] and surface
roughness [40–44] scattering. Acoustic phonon scattering
in two dimensions is calculated using the wave functions
generated from the Poisson-Schrödinger solution [37].
Acoustic phonon scattering is assumed to be elastic and
the thermal energy kBTL where kB is Boltzmann’s con-
stant and TL is the lattice temperature is assumed to be

Fig. 2. The conduction band structure (left axis) correspond-
ing to a sample geometry shown in Figure 1 at T = 77 K
where d1 = 152 Å, d2 = 52 Å, d3 = 80 Å and d4 = 300 Å.
The zero of energy scale corresponds to Fermi energy. The
donor concentration in the AlGaN layer is ND = 6×1024 m−3,
NA = 0 everywhere and the other regions are undoped. The
sub band energy values measured with respect to conduction
band minima are: 0.111, 0.177 and 0.281 eV. Only the first two
sub bands are populated by electrons and their densities are
2.3 × 1012 cm−2 and 1.6 × 109 cm−2, respectively. Also shown
are the wave functions (right axis) corresponding to ground
(solid line) and first excited (dashed line) states.

much higher than the acoustic phonon energies. Longitu-
dinal optical phonon scatterings are also calculated using
the wave functions found from the self consistent solu-
tions for the two dimensional electrons and their scatter-
ing rates are calculated using the procedure outlined in
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reference [38]. It is known that the scattering processes in
wurtzite type GaN is much different from the scattering
processes in, for example, GaAs [45,46]. But these differ-
ences do not arise in zincblende type GaN so that it is
sufficient to consider the usual longitudinal optic phonon-
electron interaction only in the present study [46].

Remote impurity scattering calculation is based on the
suggestion made in [32] where the total and induced fields
are related to the self-consistently calculated wavefunc-
tions from the solution of Poisson-Schrödinger equations.
This treatment goes beyond the electric quantum limit
and considers both intra and inter subband scatterings
through the calculation of matrix elements that connects
the external and induced potentials. Therefore the treat-
ment of screening is of Lindhard type. The Fermi energy
required for the calculation of upper limit of the electron
wavevector for a particular heterostructure at a speci-
fied temperature is found during the solution of Poisson-
Schrödinger equations and this value is used in the ensem-
ble Monte Carlo transport simulations.

Finally, surface roughness scattering is calculated as-
suming that the variation in the potential is proportional
to perturbation at the hetero interface [40–44]. An expo-
nential form of autocorrelation function [40] for the dis-
tribution of scattering centers for surface roughness scat-
tering is assumed. In all calculations of scattering rates
the self consistently calculated wave functions from the
solution of Schrödinger and Poisson equations are used.
Polarization effects which has been shown to have a con-
siderable effect on charge localization and transport prop-
erties [7–14] are completely neglected in this study, i.e. we
consider a so called fully relaxed interface for AlGaN/GaN
structures. The material parameters used in the calcula-
tions for GaN and AlxGa1−xN are shown in Table 1.

3 Results and discussions

The scattering mechanisms mentioned in the previous sec-
tion are considered in the ensemble Monte Carlo [47] sim-
ulation of electron transport in the quantum well. The
numerical code used in the simulations essentially bases
on the work presented in [47] modified in accordance with
the requirements of the present study. Inter and intra sub
band scattering of electrons in the quantized states in
the Γ valley of GaN in the quantum well are taken into
account. The number of energy levels, the electron con-
centrations in each level and the wave functions for each
level are found from the self consistent numerical solution
of Poisson and Schrödinger equations. These wave func-
tions are used in the calculation of 2D scattering rates.
All electrons are initially assumed to be in the first sub
band and their evolution under an applied electric field
parallel to the hetero interface is studied. As the applied
field increases the energy of electrons also increases but
for all field values used in this study the electrons remain
in the well without transferring to the three dimensional
valleys of GaN.

First we show the mobility characteristics of the 2DEG
at various temperatures in Figure 3. The parameter values

Fig. 3. Experimental and simulated electron mobility of 2D
electrons confined to the AlGaN/GaN quantum well under
various scattering mechanisms. Simulation result for an expo-
nential auto correlation function is used with the parameter
values of L = 2.7 Å, and ∆ = 4.3 Å. The hetero struc-
ture layer thicknesses and doping parameters are the same as
given in Figure 2. The simulation mobility values when phonon
(acoustic and optic) scattering is considered only is shown by
diamonds. In addition to phonon scattering, the effect of sur-
face roughness alone and ionized remote impurities alone are
shown by circles and triangles, respectively. The mobility when
the combined effect of phonons, remote impurities and sur-
face roughness is considered is depicted by stars. Note that
for all cases considered, electron mobility decreases consider-
ably with temperature due to the domination of optic phonon
scattering at high temperatures. Experimental results from ref-
erences [12,21,50,51] are also shown. Filled circles labeled as
‘Exp1’ are from reference [12], filled squares labeled as ‘Exp2’
are from reference [21], filled triangles labeled as ‘Exp3’ are
from reference [50], filled stars labeled as ‘Exp4’ are from ref-
erence [51].

for the hetero junction are the same as those shown in Fig-
ure 2. The mobility curves shown in Figure 3 correspond
to the mobility of 2D carriers calculated at a moderate
field value of F = 3 kV/cm directly from the equation
µe = v/F where v is the drift velocity of the carriers at
steady state and F is the applied field. These mobility val-
ues appear to be consistent with and in the same limits as
the reported experimental mobility values [12,21,50,51].
The mobility values when the effect of both remote im-
purities and surface roughness are neglected is shown by
diamonds. The autocorrelation function for the distribu-
tion of remote impurities is assumed to be in the form of
exponential function given by

∆(r) = ∆2e−r/L (3)

where ∆ is the root mean square (rms) value of sur-
face roughness and L is the lateral extension of the effect
of scattering center on the plane of the hetero junction.
The effect of the roughness on the potential assumed to
be proportional to the value of the interface roughness
∆(r) [40–44]. Surface roughness scattering is considered



Z. Yarar et al.: Electron mobility in a modulation doped AlGaN/GaN quantum well 411

Fig. 4. Mobility of two dimensional carriers as a function of
temperature at various lateral extension L of surface rough-
ness scattering when the rms value of the roughness at the
junction is ∆ = 4.3 Å. The parameters of the hetero junction
are the same as those given in Figure 2. Remote impurity scat-
tering is not included for the present calculation. The curve
with diamonds correspond to the case when phonon scattering
alone is taken into account. The effect of surface roughness on
mobility is shown as a function temperature for the lateral ex-
tensions of scattering centers L = 2.7 (circles), 5.2 (triangles)
and 7.5 (stars) Å for the case when the rms value of surface
roughness is ∆ = 4.3 Å. Surface roughness scattering is more
effective at low temperatures and as the temperature increases
the effect of roughness becomes less pronounced because op-
tic phonon scattering becomes the dominant mechanism that
controls the mobility.

only at the AlGaN/GaN interface on the barrier side of
the junction, scattering at the junction on the substrate
side is neglected. The effect of surface roughness on mobil-
ity is shown in Figure 3 by the curve with circles when the
surface roughness parameters used in the calculations are
∆ = 4.3 Å and L = 2.7 Å. In addition to phonon (acoustic
and optic) scattering, the effect of ionized remote impu-
rities (without considering surface roughness scattering)
when screening effects are taken into account is also shown
in Figure 3 (triangles). The mobility when the combined
effect of phonons, remote impurities and surface roughness
is considered is depicted by stars Figure 3. Experimental
results from references [12,21,50,51] are also shown in Fig-
ure 3 to compare with the simulated results. Filled circles
labeled as ‘Exp1’ are from reference [12], filled squares
labeled as ‘Exp2’ are from reference [21], filled triangles
labeled as ‘Exp3’ are from reference [50], and finally filled
stars labeled as ‘Exp4’ are from reference [51]. The agree-
ment between the experimental and the simulated ones is
satisfactory. For all cases considered as the temperature
increases, the mobility decreases considerably due to the
domination of optic phonon scattering at high tempera-
tures.

Now we consider the effect of surface roughness alone
on the mobility of carriers in the presence of acoustic and
optical phonon scatterings, neglecting the effect of remote

Fig. 5. Mobility of 2D carriers as a function of spacer
layer thickness for various scattering mechanisms. The sur-
face roughness parameters for the exponential auto correlation
function are L = 2.7 Å, and ∆ = 4.3 Å. The parameter values
for the AlGaN/GaN hetero junction are the same as given in
Figure 2. except the thickness of spacer layer. The effect of
phonon scattering alone is shown by diamonds. When remote
impurity scattering is added the result is depicted by triangles
and finally when the effect of surface roughness is also added
on the mobility values is shown by circles. Remote impurity
scattering is very effective for small values of ws but its ef-
fect decreases considerably as the spacer width increases since
remote impurity scattering rates decrease exponentially with
spacer layer thickness.

impurities. The effect of surface roughness on mobility is
shown in Figure 4 as a function of temperature for the
lateral extensions of scattering centers L = 2.7, 5.2 and
7.5 Å for the case when the rms value of surface rough-
ness is ∆ = 4.3 Å. As one can see from the figure surface
roughness scattering is more effective at low temperatures
and as the temperature increases the effect of roughness
becomes less pronounced because optic phonon scattering
becomes the dominant mechanism that controls the mo-
bility. In surface roughness scattering the parameter that
determines the scattering ratio is the product ∆ · L, so
the same mobility values can be obtained using various
combinations of ∆ and L.

The dependence of mobility to the spacer layer thick-
ness ws = d2 which separates ionized impurities from
channel electrons is shown in Figure 5. Remote impurity
scattering is very effective for small values of ws but its
effect decreases considerably as the spacer width increases
since remote impurity scattering rates decrease exponen-
tially with ws [32,39]. The mobility values when scatter-
ings due to phonons only is shown by diamonds. Besides
acoustic and optical phonon scatterings, the case when
there is only remote impurity scattering is shown by tri-
angles and when both remote impurity and surface rough-
ness scatterings are present by circles.

Next we consider the dependence of mobility on donor
concentration in the AlGaN layer for a fixed value of
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Fig. 6. Mobility of 2D carriers as a function of donor con-
centrations for various scattering mechanisms at a fixed spacer
layer thickness. The parameter values for the AlGaN/GaN het-
ero junction are the same as given in Figure 2 except the donor
concentrations. Surface roughness parameters are the same as
given in Figure 5. Mobility of electrons when only phonon scat-
tering is considered is shown by diamonds, when the effect of
remote impurities is added by triangles and when all mech-
anisms including surface roughness is shown by circles. The
effect of remote impurity is highest at lowest values of donor
concentration because screening effects are minimal and there-
fore electrons are scattered by bare Coulomb potentials.

spacer layer thickness. As depicted in Figure 6, for small
concentrations ionized impurities greatly reduce the mo-
bility because the number of carriers are low at these
doping concentrations and hence the effect of screening
is minimal, therefore electrons interact with the impuri-
ties through bare Coulomb potentials. But as the concen-
tration increases the level of screening also increases so
that effect of donor concentration on mobility becomes
less effective. But on the other hand, the effect of surface
roughness increases with the increase of donor concentra-
tion. This is due to the fact that the number of two dimen-
sional electrons confined to the hetero junction increases
with donor concentration and this in turn increases the
steepness of the potential near the junction. As a result
the average distance of electron concentration to the inter-
face decreases and therefore the effect of surface roughness
on electron motion increases. A similar effect is also ob-
served when the Al concentration is increased (see Fig. 7).

The effect of Al composition on mobility is also con-
sidered. The results for calculated mobility as a function
of temperature with Al mole fractions x =15%, 20% and
30% are shown in Figure 7. As the Al fraction increases,
the discontinuity in the barrier in the conduction band
also increases. This leads to better confinement of carriers
to the two dimensional hetero junction, which in turn also
increases the band bending near the junction at the bar-
rier region. This latter effect increases the role of surface
roughness because the carriers are pushed towards the in-

Fig. 7. The mobility of carriers as a function of temperature
with Al mole fractions of 15%, 20%, and 30%. The parameter
values for the AlGaN/GaN hetero junction are the same as
given in Figure 2 except the Al mole fraction. Surface rough-
ness parameters are the same as given in Figure 5.

Fig. 8. The mobility of carriers as a function of well width in
the absence (diamonds), in the presence (triangles) of remote
impurity scattering and when surface roughness scattering is
also included (circles) at 77 K. The parameter values for the
AlGaN/GaN hetero junction are the same as given in Figure 2
except the well width. Surface roughness parameters are the
same as given in Figure 5.

terface considerably which thus reduces the mobility as
seen in Figure 7.

Finally we consider the effect of well width on mobility.
Figure 8 shows the variation of mobility with well width
in the absence (diamonds), in the presence (triangles) of
remote impurity and when all scattering mechanisms are
included (circles) at a temperature of 77 K. The parame-
ter values for surface roughness scattering are: ∆ = 4.3 Å
and L = 2.7 Å. Note that the decrease in mobility due
to surface roughness is almost independent of the well
width at the given temperature, the mobility decreases
almost by the same constant amount for all well width
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values. This same behavior is observed when remote im-
purity scattering was absent in a previous study by the
same authors [17]. As one can see from the figure the effect
of ionized remote impurity scattering is more effective at
narrow well widths. As the well width increases, the effect
of remote impurities becomes less effective. The reason
for this behavior lies in the fact that for narrow wells the
electron wave function is more localized and the average
distance of electron distribution to the ionized impurities
is smaller and hence the effect of impurities on electron
motion is stronger. As the well width increases, the elec-
tron wave functions in all levels spread across the well and
therefore the average distance of electron distribution from
the impurities increases which thus leads to an increase of
mobility as seen in Figure 8.

4 Conclusions

In this work we studied the dependence of mobility in
a modulation doped AlGaN/GaN quantum well on vari-
ous parameters such as temperature, well width, Al mole
fraction, doping concentration, spacer layer thickness and
surface roughness parameters. The drift velocity of carri-
ers in two dimension is calculated using ensemble Monte
Carlo technique. The two dimensional mobility values de-
creases steadily as the temperature value increases for all
cases because optic phonon scattering becomes the dom-
inant mechanism of scattering at high temperatures. Re-
mote impurity scattering is also very effective especially at
low values of spacer layer thickness. The extent of surface
roughness scattering in the plane of the junction is con-
trolled by the parameter L. As L increases, mobility val-
ues decreases considerably especially at low temperatures.
The important parameter in surface roughness scattering
is the product ∆·L, therefore the same mobility values can
be obtained for a given temperature and hetero structure
parameters using different values of ∆ and L. Since remote
impurity scattering depends on spacer layer thickness ex-
ponentially, it is highly effective for small values of layer
thickness, and decreases appreciably as the spacer length
increases. The donor impurity concentration also controls
the mobility of 2D electrons. For low values of donor con-
centration, the mobility is reduced the most since screen-
ing effects are absent at low values of donor concentration
and therefore electrons interact with the ions through bare
Coulomb potentials. Al mole fraction of AlGaN is also
an effective mobility limiting parameter. As the Al frac-
tion increases, the height of barrier potential increases at
the AlGaN/GaN hetero interface, which in turn leads to
higher charge confinement in two dimensions and hence
more band bending near the junction on the barrier side.
As a result the electrons are pushed toward the interface
more and thus an increase in surface roughness scatter-
ing and a decrease in mobility results. Finally the width
of the quantum well is effective on mobility especially at
small well widths where remote impurity scattering be-
comes important since the wave functions are localized
near the junction and therefore the electrons are closer to
the ionized donor impurities.
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