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Carrier mobility versus carrier density in Al xGa1ÀxNÕGaN quantum wells
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Experimental measurements show that, in AlxGa12xN/GaN triangular quantum wells, the free-carrier mo-
bility experiences a strong decrease with increasing carrier density. A theoretical analysis of the various
scattering mechanisms that can explain such a behavior is presented. It shows that, even though phonon and
carrier-carrier scattering mechanisms naturally lead to a mobility decrease versus carrier density, they are by
themselves not able to justify the whole set of experimental data. Instead, we propose to attribute an extrinsic
origin to the scattering associated with the progressive appearance of strain relaxation defects and give explicit
expressions for the collision time associated with interface roughness and interface charge spatial fluctuations
~‘‘electrical’’ roughness! which may result from the existence of cracks in AlxGa12xN, thickness inhomoge-
neity, misfit dislocations, and alloy disorder.
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I. INTRODUCTION

Heterostructures of the wurtzite nitride family offer qui
an unique situation since their~0001! interfaces are expecte
to bear a surface charges0 , resulting from the difference
between the spontaneous polarization appearing in such
materials.1 Moreover, this charge may be increased beca
of a strong piezoelectric response taking place in the stra
Al xGa12xN cap layer.2–6 For given setups, this charge cr
ates an attractive potential and therefore a quantum
whose filling by free carriers results from the electronic
electric response of the whole system~Fig. 1!. The ~screen-
ing! free electrons come either from the ionization of fr
Al xGa12xN surface states or from bulk states. It could
shown experimentally that one does not need any intentio
doping of the cap layers for obtaining large free-carrier d
sities contrarily to the case of quantum wells of the Ga
family. In AlxGa12xN/GaN quantum wells, the spontaneo
interface charge plus the piezoelectric charge is so large
one can obtain free-carrier densitiesnS reaching values much
larger than 1013 cm22 while, in the case of quantum wells o
the GaAs family, they are only limited to values of the ord
of 1011– 12 cm22. This particular situation has enhanced t
interest of the device industry since a larger density of f
carriers and a lack of scattering by remote ionized impuri
should lead, in principle, to good conductivities and the
fore to good device performances. For obtaining increas
free-carrier densities in the quantum well, it is necessary
use increasingx compositions of the AlxGa12xN alloy and/or
to use increasing values of AlxGa12xN layer thickness.
These requirements are a hint showing that most of the
carriers originate from the ionization of the surface or bu
states of the AlxGa12xN cap layer, since increasing th
Al xGa12xN layer thickness pushes more and more th
states above the Fermi level. However, doing so, experim
tal results clearly indicate that the carrier mobility also s
verely decreases with the AlxGa12xN cap layer thickness a
well as with thex composition of the AlxGa12xN alloy.

To illustrate this, we are considering the case of a serie
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several tens AlxGa12xN-GaN HEMT-like structures that we
grew on c-plane sapphire substrates, in a close-coup
showerhead MOVPE reactor, using ammonia, TMGa, a
TMAl as precursors. The epitaxy of both the GaN sem
insulating templates and the AlxGa12xN cap layer was car-
ried out at low pressure~100 Torr!. Other growth conditions
are given in Ref. 10. For this study we consider structu
with x varing between 15% and 45% and AlxGa12xN thick-
ness vary between 11 and 54 nm. Room-tempera
resistivity–Hall-electrical measurements have been carrie
measure the two-dimensional~2D! carrier density and mobil-
ity. Figure 2 depicts the evolution of the mobility as a fun
tion of the carrier density. It clearly shows that the mobili
decreases then quenches with increasing values of the
carrier density. The solid line is the polynomial tenden

FIG. 1. Schematic representation of an AlxGa12xN/GaN trian-
gular potential.
©2003 The American Physical Society35-1
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curve representing the series of experimental points, her
ter named the ‘‘empirical tendency curve.’’

In this paper, we present a theoretical analysis of all
scattering mechanisms that can explain such a severe
crease of the mobility versus carrier density. More parti
larly, we show that the unavoidable~intrinsic! scattering
mechanisms associated with phonons are enhanced in
ways and justify a strong but natural decrease of the mob
with an increasing carrier density. Indeed, increasing the
rier density~i! leads, in triangular potentials, to a strong
confinement of the trapped carriers: thus a larger and la
number of phonons are involved in the scattering proces
consequence of the Heisenberg inequalities, and~ii ! pushes
the Fermi level at values which become larger than the o
cal phonon energy, allowing more and more phononemis-
sion processes. Then we also consider the so-called car
carrier scattering as an unavoidable mechanism and conc
that, even though these scattering mechanisms theoreti
lead to a first explanation of the carrier mobility decrea
versus carrier density, their effects are far from explain
the severe quench experimentally observed. In a second
we then show that this mobility decrease also results fr
the fact that a thicker and thicker AlxGa12xN cap layer con-
tains more and more elastic energy, which may induce st
relaxation mechanisms~appearance of dislocations, allo
disordering, surface cracks, etc.! and therefore create new
material related~extrinsic! scattering mechanisms.

For the low-field transport calculations, we have used
numerical solution of the linearized Boltzmann equation
scribed in the first paper of this series where multisubb
screening was included.7 In the particular 2D case, the var
ous collision times strongly depend on the actual shape
the envelope functions describing the electronic confinem
in the quantum well. Thus the actual wave functions of
quantum well have been numerically determined prior to a
transport calculation.

II. QUANTUM WELL ENERGY STATES

A. Numerical method

Usually, for the sake of simplicity in transport calcul
tions, the wave functions needed for the evaluation of

FIG. 2. Room-temperature mobility vs carrier density. Poi
obtained on various AlxGa12xN/GaN quantum wells grown by LP
MOCVD. The solid curve is the tendency curve~mean polynomial
representative curve!.
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various matrix elements are chosen under the form of t
analytical functions8–10 which, in practice, only allow the
description of the first subband and prevent one from con
ering exchange and correlation potentials. However, vari
self-consistent numerical approaches including Coulomb,
change, and correlation potentials have been establishe
the past decades in order to obtain a true description of
energy states and their corresponding wave functions as
instance, in Refs. 11–13. In the present work, in order
simulate the quantum well mobility and to check the effect
the carrier confinement on the various scattering mec
nisms, we have determined numerically the energy states
their associated wave functions, adapting methods usu
used inab initio calculations to the establishment and t
resolution of the envelop function equation. The Coulom
interaction and the exchange and correlati
contributions14–16as well as the BenDaniel-Duke kinetic en
ergy operator17 accounting for the spatial dependence of t
effective mass were introduced in the Kohn-Sham-like en
lope equation. Our numerical method is based on the follo
ing assumption: since the quantum well states are localiz
it is assumed that their corresponding wave functions van
at the extremities of a segment of lengthL in which the
quantum well potential is embedded. Thus the wave fu
tions may be expressed as a Fourier series of planes w
that are naturally defined by the segment lengthL. In this
plane-wave basis, the envelop function Kohn-Sham equa
transforms into a matrix where the Coulomb as well as
exchange and correlation potentials are automatically ca
lated using the fast Fourier transform technique. The Ko
Sham Hamiltonian matrix eigenelements are then num
cally solved using an iterative procedure and th
eigenvalues allow one, finally, to calculate the full quantu
well energyET(L), which turns out to be a function of th
parameterL. This last valueL is chosen in order to minimize
ET . This variational procedure, already used in Refs. 18 a
19 allows us to get precise numerical results with a relativ
low number of planes waves~;50 in the present 1D local
ized case!.

B. Energy states and wave functions in AlxGa1ÀxNÕGaN
quantum wells

The numerical method described above is valid for a
shape of quantum well binding potentials. In the particu
case of the AlxGa12xN/GaN quantum well, it is suppose
that the quantum well arises because of an intrinsic posi
charge s, issuing from the spontaneous polarization a
from the piezoelectric response of the strained AlxGa12xN
cap layer. This charge is localized at the interface and cre
an attractive potential given by

WQW~z!5
2ps

«L
uzu. ~2.1!

Associated with the AlxGa12xN/GaN band offset, such a
bare potential creates an attractive triangular quantum w
schematically shown in Fig. 1. We may suppose that
electronic densityns contained in the well is equal tos,
leading to a globally neutral quantum well~QW!. Situations
5-2
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wherens,s may, however, also be considered. As an e
ample, Fig. 3 shows the square modulus of the two fi
bound wave functions in the case of a neutral QW, assum
an Al composition of 30%.

In any cases, numerical results indicate that~i! for low
carrier densities (ns,531012 cm22), more than one sub
band are significantly occupied by electrons, justifying t
multisubband formalism for the low-field transport calcu
tion, multisubband screening effects included,~ii ! an increas-
ing carrier density leads to a stronger confinement of
electronic density which is pushed towards the interface,
~iii ! the Fermi level is strongly pushed upward to large e
ergy values and overcome 90 meV above the first ene
ground state as soon as the carrier density exceeds;8
31012 cm22. Note that this particular value corresponds
the optical phonon energy.

III. INTRINSIC SCATTERING MECHANISMS

Even in perfect materials, there exist two intrinsic u
avoidable scattering mechanisms:~i! the existence of the
electron-phonon interaction, and~ii ! in the current materia
system, the quantum well electronic filling may reach
large carrier densities without any intentional doping, su
that the carrier-carrier interaction is no more negligible.
the following, we recall the various scattering potentials
sociated with phonons and give explicitly an expression
their screened matrix elements. Then we have used
Episov-Levinson formula for carrier-carrier scattering.

A. Phonon scattering

1. Formalism

We suppose that the whole electron phonon system co
sponds to the Hamiltonian

H5He1Hph1We,ph, ~3.1!

where We,ph is a coupling operator between both electr
and phonon systems. The eigenstates ofHe and Hph are,
respectively,uk& and uNk ,k& where Nk is the number of
phonons in thek state. If we consider the coupling term
We,ph of Eq. ~3.1! as a perturbation, then we may build th

FIG. 3. Wave function square modulus of the two first ene
states calculated for an AlxGa12xN/GaN quantum well withx
50.3 and assuming that the interface charges is equal to the elec-
tronic densityns . The conduction band offset is taken equal to 75
of the band gap difference.
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approximate eigenstates ofH as the direct product of elec
tronic states and phonon states:

un,k,Nk ,k&5un,k&uNk ,k&. ~3.2!

With such states, the matrix element for an electronic tran
tion is given by

Vkk8~k!5^n,ku^Nk ,kuWe,phuNk8 ,k&un8,k8&. ~3.3!

For any type of scattering mechanisms~acoustic deformation
potential, acoustic piezoelectric potential, or polar opti
phonons!, the various coupling operatorsWe,ph for eachk
phonon momentum may be written as follows:

We,ph,k~rW !5A~k!$akeikW •rW1ak
†e2 ikW•rW%, ~3.4!

where the well-known functionsA(k) may be found, for
instance, in Ref. 20 and wherea anda† are the annihilation
and creation operators such that

^Nk11ua†uNk&5A\~Nk11!

2rvkV
,

~3.5!

^Nk21uauNk&5A \Nk

2rvkV
.

The quantityNk is given by Bose statistics.r is the material
density, andV is the crystal volume.vk is the phonon angu-
lar frequency. We introduce the notationkW 5(qW ,qz) whereqz
is the phonon momentum component perpendicular to
quantum well. Since absorption~2! and emission~1! pro-
cesses are independent, considering Eq.~3.5! and using elec-
tronic wave functions of the form

w j ,k~r !5
1

AS
eikW•rWZj ,k~z!,

wherek5(kx ,ky) andr5(x,y) are two-dimensional vector
and whereZ is the envelop function, their unscreened mat
elements are given by

Mn,m
ext,6~k,k8,qz!

5A~qW ,qz!dk8,k7qA\~Nk11/261/2!

2rvkV
I n,m

6 ~qz!,

~3.6!

where we have defined

I n,m
6 ~qz!5E Zn* ~z!Zm~z!e6 iqzzdz. ~3.7!

Using the approximated expressions of the dielectric ten
components given in Ref. 7, the screening of interband m
trix elements is neglected so that

uMn,m
tot ~k,k8!u2>uMn,m

ext ~k,k8!u2, ~3.8!

while intraband screened matrix elements are given for e
subbandn by

y

5-3
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Mn,n
tot,6~k,k8,qz!5A~qW ,qz!dk8,k7q

3A\~Nk11/261/2!

2rvkV

Fn
6~qz!

11k2D /q
,

~3.9!

where

Fn
6~qz!5I n,n

6 ~qz!1 (
mÞn

@ I n,n
6 ~qz!2I m,m

6 ~qz!#
kSc,m

q
.

~3.10!

Their square modulus are given by

uMn,n
tot,6~k,k8,qz!u25

\Nk~1/261/2!

2rvkV

dk8,k1q

~11k2D /q!2

3uA~qW ,qz!Fn
6~qz!u2. ~3.11!

Summing over all possible phonon wave vectors, it fina
gives

uMn,n
tot,6~k,k8!u25

dk8,k7q

~11k2D /q!2

\

4pSr

3E
2`

` Nk11/261/2

vk
uA~qW ,qz!Fn

6~qz!u2dqz .

~3.12!

2. Numerical results and discussion

The total effect of acoustic and optical phonon scatter
is illustrated Fig. 4, curve B. They lead to mobility value
which strongly decrease with increasing carrier density. T
strong decrease is a consequence of the progressive s
localization of the electronic density which allows a larg
and larger uncertainty on the electron momentumOzcompo-
nent and therefore a larger and larger phonon contributio
the 2D electron scattering events. Moreover, increasing

FIG. 4. Theoretical calculation of the mobility at 300 K. Curv
G is the mean polynomial representative curve of the experime
points shown Fig. 2. CurveB represents the role of acoustic an
optical phonon scattering. CurveC represents the combined effe
of phonon and carrier-carrier scattering. CurveF represents the
combined effect of phonons, carrier-carrier, impurities (ND52
31018 cm23) or dislocations (Ndislo553109 cm22) scattering.
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carrier density also leads to a higher location of the Fe
level, which reaches values~over the first subband ground
state energy! larger than the optical phonon energy as so
as the carrier density reaches;831012 cm22. Thus more
and more optical phonon emission processes are possible
also contribute to the free-carrier mobility decrease.

Nonetheless, although they naturally lead to a strong
crease of the mobility versus carrier density, phonon sca
ing mechanisms are far from being able to explain the
perimental results represented by the empirical tende
curve shown by the curveG in Fig. 4.

B. Carrier-carrier scattering

For the description of carrier-carrier scattering we ha
made use of the Episov-Levinson derivation,21,22 which at-
tributes to each subband a reverse relaxation time given

1

tn~k!
5

m* e4nn

16p~«0«L!2\3 E
0

2p Fn
2~q!

q2 ~12cosu!du,

~3.13!

where the form factorFn(q) is given by

Fn~q!5E e2quz2z8uuZn~z!u2uZn~z8!u2dz dz8. ~3.14!

When the carrier-carrier scattering is also taken into acco
and combined with phonon scattering, it leads to resu
shown by curveC in Fig. 4. It is noticable to see that whe
the carrier density reaches values as large as
31013 cm22, the mobility values tend approximately to
wards a constant of the order of 1100 cm2/V s. In principle,
this value should constitute the maximum mobility of th
quantum well at large carrier densities.

Obviously, the calculated trend of the carrier mobility a
the experimental trend, shown Fig. 2, are clearly differe
The sum of phonon and carrier-carrier scattering mec
nisms does not explain by itself either the saturation of m
bility obtained at low carrier concentration~there is even a
decay forns,431012 cm22, not shown here, but which wil
be presented in another work! or the very sharp decay of th
mobility that starts at carrier concentrations of 1
31013 cm22. Extrinsic mechanisms have therefore to
considered to explain our experimental results.

IV. EXTRINSIC SCATTERING MECHANISMS

A. Impurities and dislocations

Ionized impurities and extended defects like dislocatio
are standard scattering centers whose associated pote
are well known and will not be recalled in the present pa
although, in quantum wells, they also depend on the shap
the wave functions. Concerning dislocations, transmiss
electron microscope~TEM! observations show that they ar
mainly made of threading dislocations whose densities ar
the order of;53109 cm22. We have thus considered a
homogeneous distribution of ionized impurities and
threading dislocations~acting through their possible cor
charge and through their strain field effects23!. Introducing

al
5-4



es
he
s

-
2
io

b
ca
ec
on
rin
ob

te
e
d
l
at

l o
nd

-

t
ith
In
a

s

es
tu
ts

m

nc-

.
e
-
the

n-

to

has

s
and
ni-

ng
e

ce
-
nd

h:

e
e

be
de-
e
ce
ple:

-

It is
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impurity and dislocation scattering in the calculation giv
the possibility to decrease and fit the mobility, but only in t
range of low carrier densities~the decay, not treated in thi
paper, forns,431012 cm22 is mainly due to this kind of
defects; it will be treated elsewhere!.

Curve F in Fig. 4 shows, for instance, the mobility ob
tained for a ionized impurity density equal to
31018 cm23 ~so assuming a high background concentrat
of impurities! and a dislocation density of 53109 cm22.
These results indicate that the low-density regime may
recovered with plausible values of impurities and dislo
tions. However, due to the increase of the screening eff
with increasing carrier densities, impurity and dislocati
scattering become negligible compared to intrinsic scatte
and can no longer justify the strong mobility decrease
served at large carrier densities.

B. Interface roughness

It is frequently assumed in heterostructures that the in
face may not be perfect and bear some interface roughn
Generally, interface roughness effects have been studie
square quantum wells24–26 where their scattering potentia
amplitudeV0 is approximately determined by assuming th
locally, the fluctuation of the interface positionz of a quan-
tity b ~the roughness amplitude! shrinks the well width.
Thus, assuming, for instance, an infinitely deep potentia
width L, it leads to a modification of the fundamental grou
state of the quantum well given byV05d«1
>d(\2p/2m* L2)52\2pb/4m* L3. Obviously, this ap-
proach is no longer valid in triangular quantum wells~al-
though it was used in Ref. 27! where, in a first approxima
tion, the interface roughness only shifts the potential from
quantity b:V(z)→V(z2b). To solve this problem, a direc
solution of a 3D Hamiltonian representing an interface w
randomly distributed islands was undertaken in Ref. 28.
stead, we have used the following procedure: we may
tribute to each point (x,y) a probability Pb(x,y) that the
interface is shifted from a distanceb. Thus the Hamiltonian
of the quantum well in the presence of interface roughnes
given by

HQW5
p2

2m*
1V~z!1@V~z2b!2V~z!#Pb~x,y!

5H0,QW1W~x,y,z!. ~4.1!

The W(x,y,z) operator represents the interface roughn
scattering potential. As long as this term constitutes a per
bation of the perfect QW Hamiltonian, its matrix elemen
~entering the definition of the collision time! may be calcu-
lated between the eigenstates of the perfect QW Ha
tonian. This gives

Wn,n~q!5
1

SE e2 ikW•rW uZn~z!u2WeikW8•rWdx dy dz

5
1

S
Pb~q!E

2`

`

uZn~z!u2@V~z1b!2V~z!#dz.

~4.2!
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Since the quantum well potential as well as its wave fu
tions Zn(z) is known, the integralVn5* uZn(z)u2@V(z1b)
2V(z)#dz entering Eq.~4.2! can be determined numerically
The remainingPb(q) term is the Fourier transform of th
‘‘unknown’’ probability Pb(x,y), which, using a standard re
sult of statistical physics, may always be expressed in
form29

Pb~q!5Sb expS (
n

~ iq !n

n!
CnD , ~4.3!

where Cn5^rn&2^r&n with ^rn&5*rnPb(r)dx dy and
whereSb is a normalizing factor. In the case where the i
terface roughness is statistically ‘‘centrosymmetric,’’ theC2n
coefficients only do not vanish so that, if we limit the sum
the second-order term in Eq.~4.3!, we obtain30

Pb~q!5Sbe2q2d2/4→Pb~rW !5
Sb

pd2 e2r2/d2
, ~4.4!

where we have introduced a correlation lengthd5A2C2 in
order to recover a usual correlation function8,31 correspond-
ing to the reversed Fourier transform ofPb(q) also shown in
Eq. ~4.4!. The above definition also implies thatSb
5*Pb(rW )d2r represents the area where the interface
been shifted. Introducing Eq.~4.4! into Eq. ~4.2!, we find

Wn,n~q!5
Sb

S
Vne2q2d2/45fVne2q2d2/4, ~4.5!

wheref is a ‘‘roughness’’ coverage ratio.
Opposite to the previous extrinsic scattering centers~ion-

ized impurities and dislocations!, the interface roughnes
scattering mechanisms are efficient together in the low-
large free-carrier density ranges. The right order of mag
tude for the low-carrier-density range is found for coveri
factorsf of the order of 0.5 and correlation lengths of th
order of;95 nm @although, obviously, other (f,d) couples
of values may be chosen#.

Considering, then, phonon, carrier-carrier, and interfa
roughness mechanisms only,we could reconstitute the em
pirical tendency curve describing the experimental tre
shown in Fig. 2~and with curveG in Fig. 4! by arbitrarily
choosingf50.5 and by just adjusting the correlation lengt
this is shown by curveG in Fig. 5. It is worth noting that the
whole calculated curveG could be realized introducing quit
a regularly decreasing correlation length shown by curvJ
~scale on the right! in the same figure 5.

V. DISCUSSION AND CONCLUSION

One has just seen that the experimental curve may
exactly reproduced by adjusting the correlation length
scribing the interface~geometrical! roughness. However, on
may question if it is so realistic to consider that the interfa
roughness could be strongly different from sample to sam
typically here the fitting would show that AlxGa12xN-GaN
interfaces would go rougher asnS increases, though the ep
itaxial growth conditions have not changed.

Actually, another meaning can be given to roughness.
5-5
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clear that increasing the AlxGa12xN thickness as well as th
x composition of the alloy, which is needed for obtaining
increasing carrier densitynS , leads to more and more elast
energy stored in the AlxGa12xN layer. Thus, as soon as
critical amount of energy is overcome, it is likely that stra
relaxation mechanisms start to take place in the heteros
ture and progressively destroy the quality of the quant
well itself, although the geometrical interface remains ide
tical. As an example, the atomic force microscopy po
growth observations of the AlxGa12xN surface of samples
having a carrier density larger than 1.431013 cm22 ~and
therefore a bad mobility! indicates that a network of nano
sizedV-shaped cracklike defects appears at the AlxGa12xN
free surface as described in Ref. 32. Since the AlxGa12xN
layer is under tension, such defects appear in order to rel
the strain and result most probably into a spatial inhomo
neous strain relaxation. As a consequence,the piezoelectric
interface charge contribution is randomly modifiedand de-
pends on the positions(x,y,z)5s(x,y)d(z), whered(z) is
the Dirac function. Other plastical relaxation processes m
be imagined as, for instance, some alloy disordering lead
to inhomogeneous composition of the alloy and therefore
some spatial inhomogeneous modification of the sponta
ous polarization. Also, misfit dislocations may start to
produced contributing here again to inhomogeneous st
relaxation at the interface.

In order to get a general theoretical description of su
many mechanisms which finally lead to an inhomogene
interface charge distributions(x,y), we propose to approxi
mate the new charge distribution to a binary distribution c
sisting in regions where the interface charge is not modi
and regions appearing with the probabilityP(x,y) where it is
modified by an amount̂ds&. Obviously, such a simple de
scription of the inhomogeneous interface charge distribu
allows us to make use of the correlation function~4.5! intro-
duced previously. Then, using the Green function techniq
the unscreened scattering potential associated with su
charge distribution is given by

FIG. 5. CurveG gives the exact theoretical fit of the empiric
tendency curve~left scale!. CurveJ ~right scale! represents the cor
relation length needed to describe the interface roughness. CuI
~right scale! represents the correlation length values associated
interface charge spatial fluctuations.
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V~q,z!5E
2`

1`

G~q,z,z8!s~q,z8!dz8

5
1

2«0«Lq E2`

1`

e2quz2z8us~q,z8!dz8

5
P~q!^ds&
2«0«Lq

e2quzu, ~5.1!

where, for sake of simplicity, we have considered that
two AlxGa12xN and GaN media were characterized by t
same dielectric constant which allows one to use the stan
Green functionG(q,z,z8)5exp(2quz2z8u)/2«0«Lq. Finally,
the unscreened matrix element is given for each subbann
by

Mn,n
ext~q!5E

2`

1`

uZn~z!u2V~q,z!dz

5
^ds&

2«0«Lq
fe2q2d2/4F8~q!, ~5.2!

where the form factor is given by

F8~q!5E
2`

1`

e2quzuuZn~z!u2dz. ~5.3!

Numerical values corresponding to such potentials have b
estimated by choosing arbitrarily^ds&;spz ~the total piezo-
electric charge!. Curve I in Fig. 5 shows the correlatio
length versus the carrier density chosen in order to exa
recover the tendency curve.This last result clearly indicates
that the low-mobility regime is consistent with the progre
sive appearance of relaxation defects which act on the qu
tum well properties by introducing fluctuations in the inte
face charge value.

In conclusion, theoretical investigations of low-fie
transport in AlxGa12xN/GaN quantum wells show that on
has to expect a natural decrease of the mobility versus
carrier density because of the occurrence of unavoida
scattering mechanisms such as phonons and carrier-ca
interactions which would lead, at high carrier density (.2
31013 cm22) to mobility values of the order of;1100
cm2/V s. However, in the actual state of the art, experimen
values of the mobility measured on our LP-MOVPE samp
are consistent with the appearance of extrinsic scatte
mechanisms associated with strain-relaxation-induced
fects. They result in a progressive inhomogeneous and
dom spatial distribution of the interface charge~sort of an
interface ‘‘electrical roughness’’! as soon as thick
Al xGa12xN layers or largex alloy composition values are
chosen in order to obtain large carrier densities.
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