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The diffusion thermopowerSd of the two-dimensional electron gas at a GaN/AlGaN heterojunction is
studied, in detail, in the low-temperature regionT,30 K. The important mechanisms of scattering of electrons
considered are those by edge dislocations, remote and background impurities, interface charges and roughness,
and bulk acoustic phonons via deformation potential and piezoelectric fields. The dominant contribution toSd

is found to be from dislocations via the coulomb interaction; the contribution from strain field associated with
the dislocations is, comparatively, small. The contribution from acoustic phonons is negligible. The calcula-
tions, for pure samples without dislocations in the low-temperature region where acoustic phonon scattering
dominates, bring out the characteristics of the Bloch-Grüneisen regime, as in mobility studies.
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I. INTRODUCTION

Over the past few years, GaN due to its direct, large band
gap has attracted attention as a potential material system for
use in high-power, high-frequency, high-temperature applica-
tions, such as blue and UV light-emitting devices, laser di-
odes, and HEMTs.1–3 The performance of the electronic de-
vices based on GaN/AlGaN modulation doped
heterostructure is, to a large extent, determined by the trans-
port properties of the two-dimensional electron gass2DEGd
confined at the GaN/AlGaN interface. Investigations of mo-
bility have been made4–10to assess the relative importance of
the different scattering mechanisms operative in both zinc-
blendesZBd and wurtzitesWZd structures of GaN. The low-
temperature electron mobility is found to be limited by im-
purities, interface roughness, alloy-disorder, dislocations, and
acoustic phonons, with dislocation scattering being the major
contributor.6 In recent years, the study of the effect of dislo-
cations on transport in a 2DEG at GaN/AlGaN modulation
doped heterostructures has attracted a lot of attention.6–14

The epitaxial layers of GaN are most commonly grown on
sapphire or SiC substrates. The large lattice and thermal mis-
match between the epitaxial layer and the substrate material
leads to a high densitystypically 108–1010 cm−2d of
dislocations.7,11,15 TEM investigations of GaN/AlGaN
HEMT structures have shown that threading dislocations
originate at the substrate-buffer interface and propagate to
the sample surface. Their line is roughly parallel to thec axis
and the large majority are edge type passing through the
2DEG; the screw dislocations near the substrate-buffer inter-
face decrease with distance.8,11 The transport properties of
the 2DEG device will, therefore, be strongly influenced by
the edge dislocations.

Thermopower is an important transport property, sensitive
to the composition and structure of a system and to the ex-
ternal fields. Diffusion thermopower reflects the energy de-
pendence of a scattering mechanism and is determined not
only by the magnitude of the scattering, but also by details
concerning the distribution of the scatterers and their type. It
is, therefore, a sensitive probe of the dominant scattering
mechanisms in a system. Thermopower has been studied,

both experimentally and theoretically, in detail, in low-
dimensional semiconductor systems, particularly of
GaAs/AlGaAs.16–18However, there exist very few investiga-
tions of this interesting property in the case of GaN/AlGaN
system, which, unlike GaAs, is distinguished by the presence
of dislocations.

The purpose of the paper is twofold: First, to illustrate the
importance of dislocation scattering, in thermopower studies,
as compared to the other scattering mechanisms in 2DEG
systems; and second, to present detailed calculations of the
low-temperature diffusion thermopowerSd of 2DEG at a HJ
of the representative material system GaN/AlGaN, where
dislocations are important. The outline of the paper is as
follows. In Sec. II, the theory describing electron diffusion
thermopower is given. Besides the expression forSd, the de-
tails of the various scattering mechanisms contributing toSd
are also given. Expressions for the relaxation rates for dislo-
cation scattering incorporating the finite extent of the 2DEG
have been developed. In Sec. III, the results of the detailed
numerical calculations are presented and discussed. We show
that the dominant contribution toSd is from dislocations via
the coulomb interaction, the contribution from strain field
associated with the dislocations being comparatively small.
In the low-temperature region, for pure samples, the charac-
teristics of the Bloch-Gruneisen regime are noticed, for the
first time, in thermopower, as in mobility studies. Conclu-
sions are given in Sec. IV.

II. THEORY

A. Wave functions and eigenvalues

We consider a 2DEG spatially confined alongz direction
perpendicular to the interface in a GaN/AlGaN HJ withz
.0 on the GaN side. The electron wave function and the
energy eigenvalues are given by19

cnsr ,zd = jnszdeik.r s1d

and
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Enskd = En +
"2k2

2m* , s2d

wherer =sx,yd andk =skx,kyd are the 2D position and wave
vectors of an electron with effective massm* andjnszd is the
normalized wave function of thenth electric subband with
energyEn associated with it. We will, in what follows, as-
sume that the electrons in the inversion layer occupy only the
lowest subbandsn=0d and that the confinement profile is
described by Fang-Howard variational wave function,19

joszd = Sb3z2

2
D1/2

exps− bz/2d, s3d

with b, the variational parameter, given by

b = F48pm*e2

ks"
2 G1/3Sndepl+

11

32
nsD1/3

. s4d

Here,ks is the static dielectric constant,ns is the 2D electron
concentration in the inversion layer, andndepl is the depletion
layer concentration.

B. Diffusion thermopower

ThermopowerS is defined by the relation,16

E = S= T s5d

under open circuit conditions, whereE is the effective elec-
tric field produced by the temperature gradient=T. In the
presence of temperature gradient, the carriers diffuse through
the specimen interacting with a random distribution of scat-
tering centers. The heat flux carried by the carriers yields the
diffusion thermopowerSd. In addition, the induced phonon
momentum current drags electrons with it as a result of
electron-phonon interaction to produce the phonon-drag con-
tribution Sg. Employing the Boltzmann transport formalism,
with =T in the plane of the 2DEG, the diffusion contribution
to thermopower,Sd, in the relaxation time approximation, is
given by17

Sd = S 1

eT
DF− EF + S kEtsEdl

ktsEdl
DG s6d

with

kFsEdl =
E FsEdEs− ]fo/]EddE

E Es− ]fo/]EddE

. s7d

HeretsEd is the relaxation time of the electrons,fosEd is the
Fermi-Dirac distribution function andEF is the Fermi energy
determined by the electron concentration. Eq.s6d can be used
to evaluateSd for the various scattering mechanisms. The
total Sd can be calculated assuming the overall relaxation
time t to be given by Matthiessen’s rule:20 t−1=oiti

−1.
Often we find in literature limiting forms ofSd being used

in the analysis of data. In the degenerate limit, a good ap-
proximation to Eq.s6d is the well-known Mott expression16

Sd =
p2kB

2T

3e
F d

dE
lnsssEddG

E=EF

, s8d

wheressEd is the energy dependent conductivity. If the en-
ergy dependence of the relaxation time is taken asEp, Eq.s8d
can be more simply expressed as18,21

Sd =
p2kB

2T

3eEF
sp + 1d, s9d

where the first term reflects the scattering mechanisms. The
parameter p can be expressed in the form21 p
=fd lnstsEdd /dEgE=EF

, thus bringing out the feature thatSd is
determined not only by the magnitude of the scattering but
also the energy dependence oftsEd at E=EF. In this paper
we employ, in our calculations, the complete expressionfEq.
s6dg, without any approximations.

C. Scattering mechanisms

Here, we describe the various scattering mechanisms in-
fluencing diffusion thermopower. The dominant scattering
mechanisms operative in the 2DEG at a HJ are now well
established and their scattering theories well developed.19,22

In the low-temperaturesT,30 Kd region of interest, the
electrons in the inversion layer are considered to be scattered
by remote impuritiessRIsd, background impuritiessBIsd, in-
terface roughnesssIFRd, interface chargessIFCd, and bulk
acoustic phonons via deformation potentialsDPd and piezo-
electric sPZd couplings. With a view to study the effect of
dislocations onSd, we also assume the electrons to be scat-
tered by dislocations via coulombsDCd and strain fields
sDSd. The influence of alloy disorder in the AlGaN barrier
layer on 2DEG is neglected; the wave functionfEq. s3dg
vanishes at the interface. The inherent piezoelectric property
of nitrides induces a high-density 2DEG sns

,1012–1013 cm−2d at the HJ. For simplicity, we assume that
screening is essentially static and is determined solely by
electrons in the lowest subband.

1. Dislocation scattering

In a GaN/AlGaN heterostructure, the number and orien-
tation of the dislocations in the GaN layers is strongly de-
pendent on factors, such as the sample preparation condi-
tions, the layer thickness, and the magnitude of lattice
mismatch.1–3,8We restrict ourselves to WZ GaN and picture-
edge dislocations to be oriented parallel to thec axis, the
conventional growth direction of WZ GaN, and to thread
through the interface between the GaN layer and AlGaN
layer.8–12,23 Edge dislocations produce two types of scatter-
ing potentials affecting the 2DEG. One is the Coulomb po-
tential produced by the charges on the dislocation lines. The
other mechanism responsible for scattering is the long-range
strain field surrounding the dislocation lines via deformation
and piezoelectric potentials; in GaN, the dislocations parallel
to thec axis do not couple any piezoelectric potential.23,24

Most recent investigations of the low-field transport of
GaN have been made in the frame of the relaxation time
concept.7–14 Jena and co-workers,12,14 with a view to under-
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stand transport in GaN/AlGaN HEMTs, developed a theory
of electron scattering by edge dislocations threading a perfect
degenerate 2DEG and identified dislocation scattering as a
mobility-limiting scattering mechanism. Following the treat-
ment given by Jenaet al.12 for charged dislocation scattering
in a perfect 2DEG at a HJ, we have extended the formalism
for the relaxation time to include the finite extent of the
2DEG along thez-direction. Considering a dislocation as a
line of charge with charge densityrL threading through the
quasi-2DEG and using the screened potential, modified to
include the finite extent of the 2DEG,19 we obtain the fol-
lowing expression for the relaxation time:

tDC
−1 =

2pe2m*rLNdis

"3ks
2k3 E

0

2k

dq
uAsqdu2

«2sqd
1

Î1 − q2/4k2
s10d

where

Asqd =5
b3

sb + qd3q
+

b3 − a0b
2q − a1bq− 2a2q

sb − qd3 , q Þ b

b3

sb + qd3q
+

15

8b
, q = b 6

s11d

with q=k −k8 and the expressions fora0, a1 and a2, are
given by Andoet al.19 In Eq. s10d, Ndis is the 2D dislocation
density, andrL is, to a very good approximation, given by
ef/co, co being the lattice constant in thes0001d direction of
WZ GaN andf the fraction of filled acceptor states.12

Allowing for the inclusion of the envelop function along
the perpendicularz direction and considering the scattering
of the electrons from the strain fields surrounding edge dis-
locations, via screened deformation potential interaction,
Joshiet al.6 have obtained an analytical expression for the
scattering rate. By weighting the integrand in the expression
for the scattering rate with factorq2/2k2, we obtain the re-
laxation time:

tDS
−1 =

ac
2be

2m*Ndis

2p"3k3ks
2 S1 − 2g

1 − g
D2E

0

2k

dq
s1 + 84.3q2/8b2d

«2sqdÎ1 − sq/2kd2
.

s12d

Here,ac is the conduction band deformation potential,be is
the magnitude of the Burger’s vector of the edge disloca-
tions, andg is the Poisson ratio for the crystal.

For the low temperatures considered, we use in Eqs.s10d
ands12d, the following expression for the screening function:

«sqd = 1 +
2pe2

ksq
FsqdPsqd s13d

whereFsqd=8+9w+3w2/8s1+wd3, with w=q/b, is the form
factor for electron-electron interaction19 and the static polar-
izability function is taken to bePsqd=m* /p"2.

2. Impurity scattering

In modulation-doped HJ systems, the scattering of the
carriers by impurities can arise from the BI in the GaN layer
and the RI in the AlGaN barrier layer as well as the charges

at the GaN/AlGaN interface. The relaxation times for these
three distributions of impurities have been worked out by
Walukeiwicz et al.22 using the approach of Andoet al.19

Considering the scattering by the ionized donors in the Al-
GaN layer to be caused by the fluctuations in the average
field of the donors and not by their distribution itself,25,26 the
relaxation time in the case of RIs is

tRI
−1 = C0

b6NRI
1/3

6k2 E
0

2k

dq
q3

Posq,bds4k2 − q2d1/2, s14d

where C0=128pm*e4/"3ks
2, Posq,bd=f8qsq+bd3

+qss8b3+9b2q+3bq2dg2 with qs=s2pe2ns/kskBThf1
+exps−EF /kBTdg . lnf1+expfEF /kBTggj−1 and NRI is remote
impurity concentration. It may be noted that the screening of
the interaction appears in the factorPosq,bd.

In the case of BIs, scattering by the impurities in the GaN
layer depends on the confinement of carriers and is important
for HJ samples with thick barriers and/or wide spacer
layers.25,26 Using the approach of Andoet al.,19 the relax-
ation time is given by22

tBI
−1 =

4C0NBI

bk2 E
0.5−xk

0.5

dx
Fsxds1 − 2xd

fxk
2 − s0.5 −xd2g1/2, s15d

where Fsxd=69−336x+630x2−580x3+264x4−48x5/ f32s1
−2xds1−xd3+bs10−15x+6x2dg2, xk=k/b, b=qs/b andNBI is
the BI concentration.

Impurities may also be potentially trapped at the HJ inter-
face, possibly at the step edges; a dislocation generated may
enhance the trapping. When such impurities become charged,
the scattering from charges located at the interface is de-
scribed by the relaxation time22

tIFC
−1 = C0

b6NIFC

k2 E
0

2k

dq
q2

Posq,bds4k2 − q2d1/2. s16d

3. Interface roughness scattering

The strength of IFR scattering in a particular sample is
determined by the actual morphology of the interfaces. The
random fluctuations of a HJ interface from its ideal flat
boundary are described by an autocorrelation function.27 The
interface is regarded as consisting of terraces of a few na-
nometer in size separated by atomic steps of a few tenths of
a nanometer and characterized, respectively, by two
parameters—correlation lengthL and the rms heightD.
Based on TEM of Si/SiO2 interfaces it has been demon-
strated that the measured roughness data is better described
by the exponential correlation function. Due to lack of simi-
lar data for GaN/AlGaN interfaces, we assume the rough-
ness of the GaN/AlGaN HJ interface also to be described by
the exponential auto covariance function. The relaxation time
is given by19,27
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tIFR
−1 =

m*D2L2

2"3 E
0

2p

dus1 − cosud
G2sqd
«2sqd

s1 + sq2L2/2dd−3/2,

s17d

whereq=2k sinsud and Gsqd is given byG=s4pe2/ksdsndepl

+ns/2d.

4. Acoustic phonon scattering

For the low temperatures of interest, we consider the scat-
tering of the electrons in the GaN channel to arise from bulk
acoustic phonons via deformation potential and piezoelectric
couplings and assume the contribution from interface
phonons to be insignificant. Assuming the scattering to be
quasielastic and taking into consideration the degeneracy of
the 2DEG, the relaxation time for acoustic phonon scattering
can be expressed as28

t j
−1 =

m*

"3p2E
0

p

dus1 − cosudE
0

`

dqZuIsqZdu2
uCjsQdu2

«2sqd
DsEd

s18d

where DsEd=hNQf1− f0sE+"vQdg+sNQ+1df1− f0sE
−"vQdgj / f1− f0sEdg and uIsqzdu2=b6/ sb2+qz

2d3. ·"vQ is the
energy of a phonon with wave vectorQ;sq ,qzd andNQ the
phonon occupation number. The matrix elementuCjsQdu2 is
given by uCDPsQdu2=Ed

2"Q/2rul, for deformation potential
s j =DPd scattering anduCPZ,asQdu2="e2HasQd /2ruaQ for pi-
ezoelectrics j =PZd scattering. The explicit forms of the func-
tion HasQd for longitudinal sa= ld and transversesa= td
acoustic phonons, in the case of WZ GaN, are given
by29 HlsQd=sha

2/48ds15f0−33f1+12f2− f3d+shahb/4ds3f0

−5f1+ f2d+shb
2/2dsf0− f1d and HtsQd=sha

2/48ds3f0+3f1−6f2

+ f3d+shahb/4dsf0+ f1− f2d+h15
2 f0. Here, the form factorsfn,

arising from the anisotropy of the piezoelectric interaction
are given by f0=s8+9w+3w2d /8s1+wd3, f1=3ws5+4w
+w2d /8s1+wd4, f2=3w2s8+5w+w2d /4s1+wd5, and f3

=3w3s35+18w+3w2d /4s1+wd6, and ha=h33−hb and hb

=h13+2h15, hij being the components of the piezoelectric
tensor.

III. RESULTS AND DISCUSSION

We have performed numerical calculations ofSd of a
2DEG at a GaN/AlGaN HJ, using Eqs.s6d and s10d–s18d,
for parameters characteristic of WZ GaN:30 m* =0.22 me, r
=6.1 gm cm−3, ul =6.563105 cm s−1, ut=2.683105 cm s−1,
Ed=8.3 eV, ks=9.5, h33=10.863107 V/cm, h31=−3.91
3107 V/cm, h15=−3.573107 V/cm. The other parameters
chosen are typically used in the analyses of mobility:NBI
=1014 cm−3, NRI=0.531017 cm−3,4,9 ac=−8.0 eV, be;a0
sthe lattice constantd=3.189 Å, c0=5.185 Å, g=0.3,6,14 L
=22 Å, D=4 Å,6,9,21 ndepl=5.031010 cm−2,28 and NIFC
=1011 cm−2.31 Depending on the growth conditions of the
sample, typical dislocation densities,Ndis, range from
108 cm−2 to 1010 cm−2.7,11 In Eq. s10d, the filling factor f,
whose value depends on the carrier and doping concentra-
tions, ranges from 0 to 1. We takef =1, that is, all the accep-

tor states in the dislocation are filled. Furthermore, the range
of electron concentrationssns=1–531012 cm−2d considered
ensures that the Fermi energyEFs=p"2 ns/m

*d lies well be-
low the second electric subband energy.

With a view to better understand the relative importance
of the various scattering mechanisms described, in determin-
ing the low-temperatureSd, we first examine the variation of
their relaxation ratest−1sEd as a function of electron energy,
E. Figure 1 depicts the energy dependence of the various
individual relaxation rates calculated using Eqs.s10d, s12d,
and s14d–s18d, for a typical value ofns=231012 cm−2 at T
=4 K.32 With increase inE, the scattering rates due to BIs
scurve cd, IFC scurve ed, RIs scurve fd, and DC scurve hd
decrease contrary to the case of DSscurve dd. The rate due to
IFR scurve gd at first increases and then decreases with en-
ergy, E. In the case of acoustic phonon scatterings,tDP

−1

scurve ad and tPZ
−1 scurve bd, calculated usings18d, show an

energy dependence similar to that observed in the case of
GaAs/AlGaAs HJs;28 the characteristic dips in the narrow
region aroundEF arise due to the factorDsEd. SinceSd is
sensitive to the scattering mechanism, the strong energy de-
pendence of these scattering rates aroundEF is expected to
influence the behavior ofSd in the BG regime.

For the degenerate 2DEG at the GaN/AlGaN HJ, the
overall relaxation rate t−1 may be calculated using
Mattheissen’s rule

t−1 = tDP
−1 + tPZ

−1 + tBI
−1 + tRI

−1 + tIFC
−1 + tIFR

−1 + tDC
−1 + tDS

−1 .

s19d

Curve 1 in Fig. 1 shows the energy dependence of the overall
relaxation rate,t−1. It is found that the dominant contribu-
tions to t−1 arise from charged dislocation and interface

FIG. 1. Energy dependence of electron relaxation rates in
GaN/AlGaN HJs atT=4 K with ns=231012 cm−2 due to scatter-
ing from acoustic phonons via deformation potentialscurve ad and
piezoelectricscurve bd fields, background impuritiesscurve cd, dis-
locations via strain fieldscurve dd, interface chargesscurve ed, re-
mote impuritiesscurve fd, interface roughnessscurve gd, and dislo-
cations via coulomb fieldscurve hd. Curve 1 denotes the overall
contribution.
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roughness scatterings. This is consistent with the recent ob-
servations of Syedet al.32 Also, the factorf1−cossudg in the
integrand for the relaxation rates indicates that it is the large-
angle scatterers that contribute significantly.20,28 For the val-
ues of the parameters employed, the contributions tot−1

from IFC and RIs are found to be about two orders of mag-
nitude small; the contribution from BIs is about four orders
of magnitude small. In the case of acoustic phonons, the
contributions atE=EF from DP and PZ scatterings are, re-
spectively, nearly six and four orders of magnitude small,
with the contribution fromtPZ

−1 being larger. With decrease in
temperature the dips become deeper.

Figure 2 depicts the temperature variation ofSd, calcu-
lated using Eq.s6d. Curves a–h show the variation of the
individual contributions toSd, for ns=231012 cm−2, when
the electrons are scattered by DP phonons, DS, IFR, PZ
phonons, BIs, RIs, DC, and IFC, respectively. Curve 1 rep-
resents the variation of the total contribution toSd, calculated
with an overall relaxation time given by Eq.s19d. It is seen
thatSd, for the various mechanismssexcept for acoustic pho-
non scatteringd, increases almost linearly withT, as expected
fEq. s8dg for a degenerate 2DEG. The behavior ofSd, it is
clear from Eq.s6d, depends on the relaxation rates and their
energy dependence. Thus, although a scattering mechanism
may have a high relaxation rate its contribution toSd may be
small because of its less dependence on energy. For the range
of temperatures considered and for the values of parameters
chosen,Sd scurve 1d is found to be dominated by charged
dislocations. ForNdis,107 cm−2, Sd is dominated by inter-
face scatteringsIFR and IFCd. Although PZ phonons influ-
enceSd more than the DP phonons, the total contribution
from acoustic phonons is found to be only about 2% of the
total Sd even at 30 K. However, it may be noted that, both

the contributions do not depend linearly onT. The departure
from the linear behavior is clearly seen in the case of DP
scattering in the temperature range 5,T,20 K. Such be-
havior stems from the energy dependence of the relaxation
ratestDP

−1sEd andtPZ
−1sEd aroundEF. Curve 2 in Fig. 2 shows

the temperature dependence ofSd neglecting the contribution
from dislocations. We note that, in the absence of dislocation
scattering, scatterings at the interface, namely, IFR and IFC,
become important; RIs also contribute. Calculations, by the
present authors, ofSd in AlGaN/GaN/AlGaN quantum
wells of both ZB and WZ structures have shown that, in the
absence of dislocations,Sd is determined at low temperatures
by remote impurities, interface roughness and piezoelectric
phonons.33

It may be observed that, for the temperature range of in-
terest sT,30 Kd and typical carrier densitiessns=2
31012 cm−2d considered, the thermal energykBT is much
smaller than the Fermi energy and only a small fraction of
acoustic phonons having wavevectorqø2kF can interact
with the degenerate 2DEG. The transition into the Bloch-
GrunesseinsBGd regime, where acoustic phonon energies are
comparable tokBT and phonons withq,2kF cease to be
thermally excited, roughly occurs at a temperatureTBG
,2kF"ua /kB. For longitudinal and transverse acoustic
modes the values ofTBG are 35.5 K and 14.9 K, respectively.
The BG transition is a consequence of the factorDsEd fin Eq.
s18dg, which strongly reduces the acoustic phonon relaxation
rates,28,30 as in Fig. 1. In this context it may be noted that,
Stormeret al.34 have observed rapid decreasesincreased in
the acoustic-phonon-limited scattering ratesmobilityd of
2DEG in ultra pure GaAs/AlGaAs heterostructures at low
temperatures. In view of the strong energy dependence of
scattering rates aroundEF, both in the case of GaNscurves a
and b in Fig. 1d and GaAs28 systems, and thermopower being
sensitive to the scattering mechanisms, it should be possible
to observe the transition into BG regime in the acoustic-
phonon-limited thermopower.35

Figure 3 shows the dependence ofSd, on dislocation den-
sities. Curves a, b, and c represent the temperature variation
of Sd for Ndis=108, 109, and 1010 cm−2, respectively withf
=1. Since, in Eq.s10d, rL andNdis appear as a product, Fig.
3 may be also be used to understand the dependence ofSd on
the dislocation charge density. It may be noted that, with
increase of dislocation density the magnitude ofSd increases,
though not proportionally.

Figure 4 shows the variation ofSd as a function of the
electron concentration,ns, at T=4 K. Curves a–g show the
variation of the individual contributions toSd from DS, IFR,
DP+PZ, BI, RI, DC, and IFC scatterings, respectively. Curve
1 represents the total contribution toSd. For the temperatures
and the range of concentrations considered, we find thatSd
decreases with increase inns, at first rapidly and then slowly.
Sd is found to be dominated by DC for lower values ofns,
and by IFR for higher values. A similar behavior is observed
in the case of carrier mobilities.6,10,12This is consistent with
the observation that asns increases the distribution of the
electrons in the well changes becoming more confined to the
GaN/AlGaN interface. The influence of dislocation scatter-
ing from the strain fields is found to be negligible compared
to that from the Coulomb field. It is also found that, the

FIG. 2. Variation ofSd with temperature in GaN/AlGaN HJs
with ns=231012 cm−2. Curves a–h represent individual contribu-
tions toSd from acoustic phonons via deformation potential, dislo-
cations via strain field, interface roughness, acoustic phonons via
piezoelectric fields, background impurities, remote impurities, dis-
locations via coulomb field, and interface charges, respectively.
Curve 1 denotes the total contribution. Curve 2 depicts the variation
neglecting contribution from dislocations.
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contribution toSd from impurity scattering becomes appre-
ciable at lower electron concentrations. Curve 2 in Fig. 4
shows the carrier concentration dependence ofSd for samples
devoid of dislocations.Sd is found to be influenced by RI and
IFC scatterings forns,231012 cm−2 and is controlled by
IFR scattering forns.331012 cm−2.

From Figs. 2 and 4 it is clear that the contributions from
DS and IFR are smaller than those from RI, BI, IFC, and
DC. This can also be seen from the values of the energy-
dependence exponentp of Eq. s9d for individual scattering
mechanisms. We have calculated the values ofp for ns=2
31012 cm−2, and find it to be nearly −0.5 for DS, 0.1 for
IFR, 1.0 for RI, 1.0 for BI, 1.3 for IFC, and 1.3 for DC. The
value ofp for the overall scattering rate is found to be 1.28,
with and without IFC contribution, implying that charged
dislocation scattering is the dominant mechanism. Disloca-
tion scattering, thus, plays an important role in determining
the low-temperatureSd. The effect of dislocations is to alter
Sd, the effect being more for lower values ofns. It may be
observed that the contributions toSd from remote and back-
ground impurities are also significant.

IV. CONCLUSION

In conclusion, we have presented detailed calculations of
low-temperatureSd of a 2DEG realized at a GaN/AlGaN HJ

assuming the electrons to be scattered by various scattering
mechanisms operative in the system. We find that the contri-
bution due to charged dislocations is important in determin-
ing the diffusion thermopower. With attempts being made3 at
reducing the threading-dislocation densities using novel
growth techniques, it would be interesting to observe, in pure
samples, without dislocations at lower temperatures, a signa-
ture of the onset of the BG regime in thermopower studies35

similar to that observed in mobilities of such systems. At an
interface, although surface acoustic phonons can as well be
excited, in the present work bulk phonons are assumed to
provide a qualitatively correct description of the electron-
phonon interaction.36 The influence of surface/confined
acoustic phonons on thermopower in general, in 2DEG sys-
tems is being pursued. Experimental studies of TEP will test
the predictions presented in this work.
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