PHYSICAL REVIEW B 68, 035335 (2003

Carrier mobility versus carrier density in Al ,Ga;_,N/GaN quantum wells
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Experimental measurements show that, inGd, ,N/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” roughnes$ which may result from the existence of cracks in®@& _,N, thickness inhomoge-
neity, misfit dislocations, and alloy disorder.
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. INTRODUCTION several tens AlGa,_,N-GaN HEMT-like structures that we
grew on c-plane sapphire substrates, in a close-coupled
Heterostructures of the wurtzite nitride family offer quite showerhead MOVPE reactor, using ammonia, TMGa, and
an unique situation since theid001) interfaces are expected TMAI as precursors. The epitaxy of both the GaN semi-
to bear a surface charge,, resulting from the difference insulating templates and the /&a, _,N cap layer was car-
between the spontaneous polarization appearing in such ionied out at low pressur€l00 Torp. Other growth conditions
materials: Moreover, this charge may be increased becausare given in Ref. 10. For this study we consider structures
of a strong piezoelectric response taking place in the straineg@ith x varing between 15% and 45% and, @, N thick-
AlL,Ga N cap laye”® For given setups, this charge cre- ness vary between 11 and 54 nm. Room-temperature
ates an attractive potential and therefore a quantum wellesistivity—Hall-electrical measurements have been carried to
whose filling by free carriers results from the electronic di-measure the two-dimension@D) carrier density and mobil-
electric response of the whole systéRig. 1). The (screen- ity Figure 2 depicts the evolution of the mobility as a func-
ing) free electrons come either from the ionization of freetion of the carrier density. It clearly shows that the mobility
Al,Ga,_,N surface states or from bulk states. It could bedecreases then quenches with increasing values of the 2D
shown experimentally that one does not need any intentionaarrier density. The solid line is the polynomial tendency
doping of the cap layers for obtaining large free-carrier den-
sities contrarily to the case of quantum wells of the GaAs AlGaN layer
family. In Al,Ga _,N/GaN quantum wells, the spontaneous
interface charge plus the piezoelectric charge is so large that
one can obtain free-carrier densitiegreaching values much
larger than 18° cm™2 while, in the case of quantum wells of
the GaAs family, they are only limited to values of the order Surface I

GaN template

-----

of 10"~*2¢m™2. This particular situation has enhanced the arace

interest of the device industry since a larger density of free
carriers and a lack of scattering by remote ionized impurities
should lead, in principle, to good conductivities and there-
fore to good device performances. For obtaining increasing

free-carrier densities in the quantum well, it is necessary to :
use increasing compositions of the AlGa, N alloy and/or

to use increasing values of &a ,N layer thickness.
These requirements are a hint showing that most of the free :
carriers originate from the ionization of the surface or bulk '
states of the AlGa_,N cap layer, since increasing the ;

VB.

Al,Ga _,N layer thickness pushes more and more these

states above the Fermi level. However, doing so, experimen-

tal results clearly indicate that the carrier mobility also se-

verely decreases with the f&a, ,N cap layer thickness as

well as with thex composition of the AlGa, _,N alloy. FIG. 1. Schematic representation of an®# _,N/GaN trian-
To illustrate this, we are considering the case of a series djular potential.
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2000 ] various matrix elements are chosen under the form of trial
_ ! . ] analytical function®2° which, in practice, only allow the

4 1500 [ R g0 2 1 description of the first subband and prevent one from consid-
e - Latey ® 1 ering exchange and correlation potentials. However, various
2 I % ] self-consistent numerical approaches including Coulomb, ex-
:_% 1000 | o ] change, and correlation potentials have been established in
2 i O&\E ] the past decades in order to obtain a true description of the
5 [ ° ] energy states and their corresponding wave functions as, for
B 500p ° ] instance, in Refs. 11-13. In the present work, in order to

© i \J 1 simulate the quantum well mobility and to check the effect of
ol vy v ] the carrier confinement on the various scattering mecha-
0 5107 110° 1510° 210" 2510% nisms, we have determined numerically the energy states and

carrier density (cm™) their associated wave functions, adapting methods usually
used inab initio calculations to the establishment and the
resolution of the envelop function equation. The Coulomb
interaction and the exchange and correlation
contributions*~*®as well as the BenDaniel-Duke kinetic en-
ergy operator’ accounting for the spatial dependence of the
curve representing the series of experimental points, hereagffective mass were introduced in the Kohn-Sham-like enve-
ter named the “empirical tendency curve.” lope equation. Our numerical method is based on the follow-
In this paper, we present a theoretical analysis of all theng assumption: since the quantum well states are localized,
scattering mechanisms that can explain such a severe dg4s assumed that their corresponding wave functions vanish
crease of the mobility versus carrier density. More particu-t the extremities of a segment of lengthin which the
larly, we show that the unavoidabl@ntrinsic) scattering quantum well potential is embedded. Thus the wave func-

mechanisms associated with phonons are enhanced in W5 may be expressed as a Fourier series of planes waves
ways and justify a strong but natural decrease of the mobilityy5; 4re naturally defined by the segment lengthin this

with an increasing carrier density. Indeed, increasing the Cal5lane-wave basis, the envelop function Kohn-Sham equation
nerfdensny(l) fleﬁds, n tnangulgr p.otﬁntlalsl, to a Strorl]gertransforms into a matrix where the Coulomb as well as the
confinement of the trapped carviers: thus a larger and argeéxchange and correlation potentials are automatically calcu-
number of phonons are involved in the scattering process,

consequence of the Heisenberg inequalities, Gidcbushes fted using the fast Fourier transform technique. The Kohn-

. . .Sham Hamiltonian matrix eigenelements are then numeri-
the Fermi level at values which become larger than the opti- g

cal phonon enerav. allowing more and more phoEois cally solved using an iterative procedure and their
sionp rocesses ?gén we algo consider the sopcalled Carrie(raigenvalues allow one, finally, to calculate the full quantum

P > : ; ell energyE+(L), which turns out to be a function of the
carrier scattering as an unavoidable mechanism and conclu

FIG. 2. Room-temperature mobility vs carrier density. Points
obtained on various AGa _,N/GaN quantum wells grown by LP-
MOCVD. The solid curve is the tendency curgmean polynomial
representative curye

. . . rametet.. This last valud_ is chosen in order to minimiz
that, even though these scattering mechanisms theoretical 2 aTheisevariatiznzf prgcuedciufec a(I)rSez dy uc;gg inORefs 18 Zn d
. . . .- T- y .
lead to a first explanation of the carrier mobility decreaselg allows us to get precise numerical results with a relatively

versus carrier density, thelr effects are far from explammgI w number of planes waves-50 in the present 1D local-
the severe quench experimentally observed. In a second pay.

we then show that this mobility decrease also results from ed casp
the fact that a thicker and thicker &a _,N cap layer con-
tains more and more elastic energy, which may induce strain
relaxation mechanismsgappearance of dislocations, alloy
disordering, surface cracks, et@and therefore create new  The numerical method described above is valid for any
material relatedextrinsig scattering mechanisms. shape of quantum well binding potentials. In the particular
For the low-field transport calculations, we have used thease of the AlGa _,N/GaN quantum well, it is supposed
numerical solution of the linearized Boltzmann equation dethat the quantum well arises because of an intrinsic positive
scribed in the first paper of this series where multisubbandharge o, issuing from the spontaneous polarization and
screening was includedin the particular 2D case, the vari- from the piezoelectric response of the strainedGs, _,N
ous collision times strongly depend on the actual shape ofap layer. This charge is localized at the interface and creates
the envelope functions describing the electronic confinemerdn attractive potential given by
in the quantum well. Thus the actual wave functions of the

B. Energy states and wave functions in AlGa; _,N/GaN
quantum wells

quantum well have been numerically determined prior to any _2mo
transport calculation. WQW(Z)__S,_ |2]. (2.9
Il. QUANTUM WELL ENERGY STATES Associated with the AlGa _,N/GaN band offset, such a

bare potential creates an attractive triangular quantum well

schematically shown in Fig. 1. We may suppose that the
Usually, for the sake of simplicity in transport calcula- electronic densityng contained in the well is equal te,

tions, the wave functions needed for the evaluation of thdeading to a globally neutral quantum wéQW). Situations

A. Numerical method
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approximate eigenstates bf as the direct product of elec-

]
3 \ 2 tronic states and phonon states:
Q
£
g In,k,N,.,xk)=|n,k)|N,, k). (3.2
z
g With such states, the matrix element for an electronic transi-
g tion is given by
§ r . ! : r ka/(K):<n,k|<NK,K|We,ph|N,,<,K>|n/,k/>. (33)
0 20. 20 40 80 80 100
oz axis (A) For any type of scattering mechanisasoustic deformation

potential, acoustic piezoelectric potential, or polar optical

FIG. 3. Wave function square modulus of the two first energyphonon$ the various coupling operato’, ., for each x
states calculated for an ABa_,N/GaN quantum well withx phonon ;nomentum may be written as folfér\)/vs:
=0.3 and assuming that the interface chasgs equal to the elec-
g]??r:; (z)ear:]sdltén;p '(Ij'ir;ftzrc;nncdelfctlon band offset is taken equal to 75% We,ph,K( 7 =A(K){aKe""r+ ale .k.r}’ 3.4
where the well-known functioné&\(x) may be found, for
whereng<o may, however, also be considered. As an ex-instance, in Ref. 20 and wheeeanda' are the annihilation
ample, Fig. 3 shows the square modulus of the two firstnd creation operators such that
bound wave functions in the case of a neutral QW, assuming
an Al composition of 30%. A(N,+1)
In any cases, numerical results indicate ttiatfor low (N +1]a’|N,)= o0V
carrier densities r;<5x 102 cm~2), more than one sub- P@x

band are significantly occupied by electrons, justifying the N 35
multisubband formalism for the low-field transport calcula- (N, —1|a|N )= \/5—.
tion, multisubband screening effects includéd,an increas- 2pw,V

ing carrier density leads to a stronger confinement of thel-
electronic density which is pushed towards the interface, angensity andV is the crystal volumes . is the phonon angu-

(iii) the Fermi level is strongly pushed upward to large eny, frequency. We introduce the notati@s- (d,q,) whered,
ergy \(/jalues and overcome r910 me\( abc(j)ve _the first eanerg}é the phonon momentum component perpendicular to the
grour12 sEa;[e as soon as the carner ensity exceeds guantum well. Since absorptidr-) and emissior(+) pro-
>r<]10l (_:mI .hNote that this particular value corresponds 0 ,qccag are independent, considering(B&) and using elec-
the optical phonon energy. tronic wave functions of the form

he quantityN, is given by Bose statisticg.is the material

. INTRINSIC SCATTERING MECHANISMS 1 .
k() =—=e""?Z: \(2),
Even in perfect materials, there exist two intrinsic un- #ixlr) Js i(2)
avoidable scattering mechanism$) the existence of the ) )
electron-phonon interaction, ard) in the current material Wherek=(ky.ky) andp=(x,y) are two-dimensional vectors
system, the quantum well electronic filling may reach so@nd whereZ is the envelop function, their unscreened matrix
large carrier densities without any intentional doping, sucréléments are given by
that the carrier-carrier interaction is no more negligible. In ext - ,
the following, we recall the various scattering potentials as- Mum (kK'.q;)

sociated with phonons and give explicitly an expression of AN+ 1/2+1/2)
their screened matrix elements. Then we have used the =A(G,9,) Sy kiqwkz—\;li
’ P,

mdz),
Episov-Levinson formula for carrier-carrier scattering. e
(3.6
A. Phonon scattering where we have defined
1. Formalism
We suppose that the whole electron phonon system corre- I m(da) = J Z* (2)Z(2)e"'92d 2. (3.7

sponds to the Hamiltonian

Using the approximated expressions of the dielectric tensor
H=He+Hpnt+We pn, (3.)  components given in Ref. 7, the screening of interband ma-

. . trix elements is neglected so that
where W, ,, is a coupling operator between both electron 9

and phonon systems. The eigenstatesHgfand H,, are, MO (k k) [2= M (k. k")|2 38
respectively,|k) and [N, ,«) where N, is the number of IMam(I K= M (kKD S
phonons in thex state. If we consider the coupling term while intraband screened matrix elements are given for each
W, pn Of EQ. (3.1) as a perturbation, then we may build the subbandh by
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10* — carrier density also leads to a higher location of the Fermi
; level, which reaches valugsver the first subband ground-
state energylarger than the optical phonon energy as soon
as the carrier density reaches8x 10'2 cm 2. Thus more
and more optical phonon emission processes are possible and
also contribute to the free-carrier mobility decrease.

Nonetheless, although they naturally lead to a strong de-
crease of the mobility versus carrier density, phonon scatter-
ing mechanisms are far from being able to explain the ex-
perimental results represented by the empirical tendency
curve shown by the curv& in Fig. 4.

1000 ¢

mobility (cm*/\Vs)

100

PV Y I WY ST TN (T S UUNY SR T SN ST W SN N S N T N
0 510% 110 1510® 210" 2510"

. . 2
carrier density (cm™) B. Carrier-carrier scattering

FIG. 4. Theoretical calculation of the mobility at 300 K. Curve ~ For the description of carrier-carrier scattering we have
G is the mean polynomial representative curve of the experimentamade use of the Episov-Levinson derivatfdrf? which at-
points shown Fig. 2. Curv® represents the role of acoustic and tributes to each subband a reverse relaxation time given by
optical phonon scattering. Cun@ represents the combined effect
of phonon and carrier-carrier scattering. Curverepresents the 1 m* e“nn 2m Fﬁ(q
combined effect of phonons, carrier-carrier, impuritieSp € 2 (k) 16m(eoe )2h3J 7 (1—cosh)dé,
X 108 cm~3) or dislocations Kgig="5X% 10° cm™2) scattering. " oL (3.13

0

M (KK, 0,) =A(d,0,) Sk k=q where the form factoF ,(q) is given by

#(N, +1/2+1/2) F.(q,) f o,
K F (q)= az=2'llz (2)|12|Z.(z)|2dz dZ. (3.1
X Zp(uKV 1+k20/q’ n(Q) e | n(Z)l | n(z )| z ( 4)

(3.9  When the carrier-carrier scattering is also taken into account
and combined with phonon scattering, it leads to results
shown by curveC in Fig. 4. It is noticable to see that when

. . . . Ksem the carrier density reaches values as large as 2

Fr(a) =1 na)+ 2 [1in(d) = lmm(d)]—=. X 102 cm™2?, the mobility values tend approximately to-

m#n q 31 wards a constant of the order of 1100%¥hs. In principle,
(3.10 this value should constitute the maximum mobility of the

Their square modulus are given by quantum well at large carrier densities.

Obviously, the calculated trend of the carrier mobility and
the experimental trend, shown Fig. 2, are clearly different.

where

ML (2= N YZE LD B
] 1Yz

nn 2pw, .V (1+kyp/q)? The sum of phonon and carrier-carrier scattering mecha-
R . 5 nisms does not explain by itself either the saturation of mo-
X|A(G,9,)F; (a,)]* (81D pjlity obtained at low carrier concentratidthere is even a
. . I 2 —2 H ;
Summing over all possible phonon wave vectors, it finallydecay foms<4x 10" cm2, not shown here, but which will
gives be presented in another worér the very sharp decay of the
mobility that starts at carrier concentrations of 1.4
ote s Okkrq h X 10" cm™2. Extrinsic mechanisms have therefore to be
IMps (kK| ~ 1+ kyp/q)2 475 considered to explain our experimental results.

= N +12x172 . IV. EXTRINSIC SCATTERING MECHANISMS
Xf ———  |A(d,d,)F; (9, *dg; . '

— P

A. Impurities and dislocations

(3.12 lonized impurities and extended defects like dislocations
are standard scattering centers whose associated potentials
are well known and will not be recalled in the present paper

The total effect of acoustic and optical phonon scatteringglthough, in quantum wells, they also depend on the shape of
is illustrated Fig. 4, curve B. They lead to mobility values the wave functions. Concerning dislocations, transmission
which strongly decrease with increasing carrier density. Thiglectron microscopéTEM) observations show that they are
strong decrease is a consequence of the progressive spatiahinly made of threading dislocations whose densities are of
localization of the electronic density which allows a largerthe order of~5x10° cm 2. We have thus considered an
and larger uncertainty on the electron momentDatompo- homogeneous distribution of ionized impurities and of
nent and therefore a larger and larger phonon contribution tthreading dislocationgacting through their possible core
the 2D electron scattering events. Moreover, increasing theharge and through their strain field effécts Introducing

2. Numerical results and discussion
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impurity and dislocation scattering in the calculation givesSince the quantum well potential as well as its wave func-
the possibility to decrease and fit the mobility, but only in thetions Z,(z) is known, the integraV,= [|Z,(2)|[V(z+b)
range of low carrier densitie@he decay, not treated in this —V(z)]dz entering Eq(4.2) can be determined numerically.
paper, forng<4x10'2 cm 2 is mainly due to this kind of The remainingP,(q) term is the Fourier transform of the
defects; it will be treated elsewhere “unknown” probability Py(x,y), which, using a standard re-
Curve F in Fig. 4 shows, for instance, the mobility ob- sult of statistical physics, may always be expressed in the
tained for a ionized impurity density equal to 2 form?®
% 10" cm™2 (so assuming a high background concentration
of impurities and a dislocation density of %610° cm™ 2.
These results indicate that the low-density regime may be
recovered with plausible values of impurities and disloca- o R m e on
tions. However, due to the increase of the screening effecténere Cn=(p")—(p)" with (p")=/p"Pp(p)dx dy and
with increasing carrier densities, impurity and dislocation'WhereéSy is a normalizing factor. In the case where the in-
scattering become negligible compared to intrinsic scatterin{"face roughness is statistically “centrosymmetric,” Bg,

and can no longer justify the strong mobility decrease obLoefficients only do not vanish so that, if we limit the sum to
served at large carrier densities. the second-order term in E¢.3), we obtairf®

S —p?id?

B. Interface roughness Py(q)= Sbe_qzdz/“ﬂ Pu(p)= porer e , (4.4

Pb<q>=sbexp< 2 ('%,)C) 4.3

It is frequently assumed in heterostructures that the inter- _ _ _
face may not be perfect and bear some interface roughnesyhere we have introduced a correlation lendth y2C; in
Generally, interface roughness effects have been studied Rfder to recover a usual correlation funcﬁéhcorrespon(_j—
square quantum wef62° where their scattering potential g to the reversed Fourier transformR(q) also shown in
amplitudeV, is approximately determined by assuming that, Ed- (4-f1)- 2The above definition also implies tha,
locally, the fluctuation of the interface positiarof a quan-  =JPn(p)d“p represents the area where the interface has
tity b (the roughness amplitufleshrinks the well width. been shifted. Introducing E¢4.4) into Eq. (4.2), we find
Thus, assuming, for instance, an infinitely deep potential of
width L, it leads to a modification of the fundamental ground W, ()= %Vne‘ q%d2/4_ ¢Vne—q2d2/4' (4.5
state of the quantum well given byVy=de,
=d(#*m/2m*L?) = —h>mb/4m*L®. Obviously, this ap- \yhereq is a “roughness” coverage ratio.
proach is no longer valid in triangular quantum weféd- Opposite to the previous extrinsic scattering ceniens-
though it was used in Ref. 2%vhere, in a first approxima- 764 impurities and dislocationsthe interface roughness
tion, the interface roughness only shifts the potential from &cattering mechanisms are efficient together in the low- and
quantity b:V(z) —V(z—b). To solve this problem, a direct |5rge free-carrier density ranges. The right order of magni-
solution of a 3D Hamiltonian representing an interface withy,qe for the low-carrier-density range is found for covering
randomly distributed islands was undertaken in Ref. 28. 'nTactors¢ of the order of 0.5 and correlation lengths of the
st'ead, we have us.ed the following p'rocedure: we may atyrger of ~95 nm[although, obviously, otherd,d) couples
tribute to each pointx,y) a probability Pp(x,y) that the  of yajues may be chosgn

interface is shifted from a distande Thus the Hamiltonian Considering, then, phonon, carrier-carrier, and interface
of the quantum well in the presence of interface roughness i?oughness mechanisms ontye could reconstitute the em-
given by pirical tendency curve describing the experimental trend
2 shown in Fig. 2(and with curveG in Fig. 4) by arbitrarily
HQWZZF)W+V(Z)+[V(Z— b) —V(2)Py(X,y) choosing¢= 0.5 and by just adjusting the correlation length:

this is shown by curv& in Fig. 5. It is worth noting that the
(4.1) whole calculated curv& could be realized introducing quite
a regularly decreasing correlation length shown by cutve
The W(x,y,z) operator represents the interface roughnessscale on the rightin the same figure 5.
scattering potential. As long as this term constitutes a pertur-
bation of the perfect QW Hamiltonian, its matrix elements V. DISCUSSION AND CONCLUSION
(entering the definition of the collision timenay be calcu-
lated between the eigenstates of the perfect QW Hamil-
tonian. This gives

= Honw"_ W(X,y,Z)

One has just seen that the experimental curve may be
exactly reproduced by adjusting the correlation length de-

1 . L scribing the interfacégeometrical roughness. However, one
Wn(Q)= gf e K|z (z)|PWek Pdx dy dz may question if it is so realistic to consider that the interface
roughness could be strongly different from sample to sample:

1 o typically here the fitting would show that Aba, _,N-GaN
= §Pb(CI)J’ 1Za(2)|?[V(z+b) = V(2)]dz interfaces would go rougher aw; increases, though the ep-
- itaxial growth conditions have not changed.

(4.2 Actually, another meaning can be given to roughness. It is
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10° iy 1100 +oo / o
5 \ ey 8 V(q,z)=J G(q,z,2')o(q,2')dz
——J ] 1000 g — 0o
3 BN \ 1o00 =
2 b =] 1 Ho
e e\\\ ] 2 = J e dlz Z'a(q,z’)dz’
£ 1000 MRS 800 2 2608.0 ) o
g NN s P(a)(60)
g 1600 & _ TR0 —ap
E 600 §. 2eeoiq © (5.1)
)

— \\\\ﬂ 3 500 o ,
] where, for sake of simplicity, we have considered that the
0 5107 1107 1510% 210° 251480 two Al,Ga ,N and GaN media were characterized by the
carrier density (cm?) same dielectric constant which allows one to use the standard
Green functionG(q,z,z') =exp(—q|z—Z/|)/2e9e,q. Finally,

FIG. 5. CurveG gives the exact theoretical fit of the empirical the unscreened matrix element is given for each sublpand
tendency curveleft scalg. Curveld (right scale represents the cor- b

relation length needed to describe the interface roughness. Curve

100

(right scalg represents the correlation length values associated with +oo

interface charge spatial fluctuations. MEX(a) = J |Z(2)|?V(q,2)dz

clear that increasing the Aba, N thickness as well as the _ (é0) o PEE () 52
x composition of the alloy, which is needed for obtaining an 2e0eq @ '

increasing carrier densitys, leads to more and more elastic
energy stored in the AGa _,N layer. Thus, as soon as a
critical amount of energy is overcome, it is likely that strain e
relaxation mechanisms start to take place in the heterostruc- F'(q)zj e*Q|Zl|zn(z)|2dz_ (5.3
ture and progressively destroy the quality of the quantum —

well itself, although the geometrical interface remains ideny nerical values corresponding to such potentials have been
tical. As an exqmple, the atomic force microscopy post-qiimated by choosing arbitrarifypo) ~ o, (the total piezo-
growth observations of the £Ba N surface of samples gjectric charge Curve | in Fig. 5 shows the correlation
having a carrier density larger than X40"3cm 2 (and  |ength versus the carrier density chosen in order to exactly
therefore a bad mobilifyindicates that a network of nano- recover the tendency curvEhis last result clearly indicates
sizedV-shaped cracklike defects appears at thg>8| ,N  that the low-mobility regime is consistent with the progres-
free surface as described in Ref. 32. Since thgGal_N sive appearance of relaxation defects which act on the quan-
layer is under tension, such defects appear in order to releasem well properties by introducing fluctuations in the inter-
the strain and result most probably into a spatial inhomogeface charge value

neous strain relaxation. As a consequerthe, piezoelectric In conclusion, theoretical investigations of low-field
interface charge contribution is randomly modifiadd de- transport in AlGa _,N/GaN quantum wells show that one
pends on the positioar(x,y,z) = o(x,y) 8(z), whered(z) is has to expect a natural decrease of the mobility versus the
the Dirac function. Other plastical relaxation processes magarrier density because of the occurrence of unavoidable
be imagined as, for instance, some alloy disordering leadingcattering mechanisms such as phonons and carrier-carrier
to inhomogeneous composition of the alloy and therefore tdnteractions which would lead, at high carrier densityZ

L . . . 3 —2 HR
some spatial inhomogeneous modification of the spontane>—<n}20l cm ) to mobility values of the order of-1100
ous polarization. Also, misfit dislocations may start to beCM/V s. However, in the actual state of the art, experimental

produced contributing here again to inhomogeneous strait{@lues of the mobility measured on our LP-MOVPE samples
relaxation at the interface. are consistent with the appearance of extrinsic scattering

In order to get a general theoretical description of Suc}‘g\echanisms associated with strain-relaxation-induced de-

where the form factor is given by

; L . ects. They result in a progressive inhomogeneous and ran-
many mechanisms which finally lead to an inhomogeneou om spatial distribution of the interface char@mrt of an

mtetrfa;ﬁe chargi dlstrlgy tt'(.)g(?’y)’t Webproposdg JELO'S pf[proxr interface “electrical roughnes$” as soon as thick
mate the neéw charge distribution to a binary distribution Con'AIXGaﬁ_XN layers or largex alloy composition values are

sisting in regions where the interface charge is not mOdiﬁeq:hosen in order to obtain large carrier densities
and regions appearing with the probabilRyx,y) where it is

modified by an amountdo). Obviously, such a simple de-
scription of the inhomogeneous interface charge distribution
allows us to make use of the correlation functidb) intro- This work has been supported by the European Spatial
duced previously. Then, using the Green function techniqueAgency in the frame of ATHENA(ESTEC Contract No.
the unscreened scattering potential associated with such 1&205/00/NL/PA. The authors thank I. Moerman for sug-
charge distribution is given by gesting the problem and for valuable discussions.
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