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Low-temperature diffusion thermopower in GaN/AlGaN heterojunctions: Effect of dislocations
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The diffusion thermopowef; of the two-dimensional electron gas at a GaN/AlGaN heterojunction is
studied, in detail, in the low-temperature regibi 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 contrib&jon to
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-Griineisen regime, as in mobility studies.
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I. INTRODUCTION both experimentally and theoretically, in detail, in low-

Over the past few years, GaN due to its direct, large bangimensional -~ semiconductor ~ systems, particularly  of
gap has attracted attention as a potential material system f&aAs/AlGaAs!®~t®However, there exist very few investiga-
use in high-power, high-frequency, high-temperature applications of this interesting property in the case of GaN/AlGaN
tions, such as blue and UV light-emitting devices, laser di-system, which, unlike GaAs, is distinguished by the presence
odes, and HEMTS:2 The performance of the electronic de- of dislocations.
vices based on GaN/AlGaN modulation doped The purpose of the paper is twofold: First, to illustrate the
heterostructure is, to a large extent, determined by the trangmportance of dislocation scattering, in thermopower studies,
port properties of the two-dimensional electron g2BEG) as compared to the other scattering mechanisms in 2DEG
confined at the GaN/AlGaN interface. Investigations of mo-systems; and second, to present detailed calculations of the
bility have been made'®to assess the relative importance of low-temperature diffusion thermopow&y of 2DEG at a HJ
the different scattering mechanisms operative in both zincof the representative material system GaN/AlGaN, where
blende(zZB) and wurtzite(WZ) structures of GaN. The low- dislocations are important. The outline of the paper is as
temperature electron mobility is found to be limited by im- follows. In Sec. Il, the theory describing electron diffusion
purities, interface roughness, alloy-disorder, dislocations, anthermopower is given. Besides the expressionSptthe de-
acoustic phonons, with dislocation scattering being the majotails of the various scattering mechanisms contributingto
contributor® In recent years, the study of the effect of dislo- are also given. Expressions for the relaxation rates for dislo-
cations on transport in a 2DEG at GaN/AlGaN modulationcation scattering incorporating the finite extent of the 2DEG
doped heterostructures has attracted a lot of atteftidn. have been developed. In Sec. lll, the results of the detailed
The epitaxial layers of GaN are most commonly grown onnumerical calculations are presented and discussed. We show
sapphire or SiC substrates. The large lattice and thermal mighat the dominant contribution 1§, is from dislocations via
match between the epitaxial layer and the substrate materifite coulomb interaction, the contribution from strain field
leads to a high density(typically 1F-101°cm?) of associated with the dislocations being comparatively small.
dislocations’11®> TEM investigations of GaN/AlGaN In the low-temperature region, for pure samples, the charac-
HEMT structures have shown that threading dislocationgeristics of the Bloch-Gruneisen regime are noticed, for the
originate at the substrate-buffer interface and propagate ttrst time, in thermopower, as in mobility studies. Conclu-
the sample surface. Their line is roughly parallel to¢rexis ~ sions are given in Sec. IV.
and the large majority are edge type passing through the
2DEG,; the screw dislocations near the substrate-buffer inter-
face decrease with distan®é! The transport properties of
the 2DEG device will, therefore, be strongly influenced by A. Wave functions and eigenvalues
the edge dislocations. . i i o

Thermopower is an important transport property, sensitive e consider a 2DEG spatially confined alongirection
to the composition and structure of a system and to the exPerpendicular to the interface in a GaN/AlGaN HJ with
ternal fields. Diffusion thermopower reflects the energy de-~0 ©on the GaN side. The elfctron wave function and the
pendence of a scattering mechanism and is determined n8Pergy eigenvalues are given By
only by the magnitude of the scattering, but also by details ,
concerning the distribution of the scatterers and their type. It (1, 2) = &(2)€%" (1)
is, therefore, a sensitive probe of the dominant scattering
mechanisms in a system. Thermopower has been studiednd

II. THEORY
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wherer =(x,y) andk =(k,k,) are the 2D position and wave
vectors of an electron with effective mass and&,(2) is the

normalized wave function of thath electric subband with
energyE, associated with it. We will, in what follows, as-

sume that the electrons in the inversion layer occupy only the

lowest subbandn=0) and that the confinement profile is
described by Fang-Howard variational wave functidn,

322\ /2
&(2) = (T) exp(-bz2), 3
with b, the variational parameter, given by
| 48mm’e? |13 11 \1B
b= Td? Naepi* 35Ns) - (4)

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

B. Diffusion thermopower

ThermopowerS is defined by the relatiotf

E=SVT (5)

under open circuit conditions, wheEeis the effective elec-
tric field produced by the temperature gradi8ft. In the

presence of temperature gradient, the carriers diffuse throu
the specimen interacting with a random distribution of scat
tering centers. The heat flux carried by the carriers yields th

diffusion thermopowelS;. In addition, the induced phonon

momentum current drags electrons with it as a result o
electron-phonon interaction to produce the phonon-drag cons
tribution §;. Employing the Boltzmann transport formalism, ~ 1012— 10t ¢

with VT in the plane of the 2DEG, the diffusion contribution
to thermopowers,, in the relaxation time approximation, is

given by’
(N[, (EE
Sd‘(eTH EF*(@(E»)]

f F(E)E(- of JIE)dE

(6)

with

(F(E))= )

f E(- df JoE)dE

Here 7(E) is the relaxation time of the electrornfg(E) is the
Fermi-Dirac distribution function anBg is the Fermi energy
determined by the electron concentration. &j.can be used
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where o(E) is the energy dependent conductivity. If the en-
ergy dependence of the relaxation time is takeBRa€q. (8)
can be more simply expressed&&

mKET
Sd =

3eE:
where the first term reflects the scattering mechanisms. The
parameter p can be expressed in the foftn p
=[d In(r(E))/dE]E:EF, thus bringing out the feature thgj is
determined not only by the magnitude of the scattering but
also the energy dependence ®E) at E=Eg. In this paper
we employ, in our calculations, the complete expres§itm
(6)], without any approximations.

(p+1), (9

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 develdpéd.

In the low-temperaturdT<30 K) region of interest, the
electrons in the inversion layer are considered to be scattered
by remote impuritiegRIs), background impuritie$Bls), in-
terface roughnesflFR), interface charge$lFC), and bulk
acoustic phonons via deformation potenti@P) and piezo-

ggiectric(Pa couplings. With a view to study the effect of

slocations orfy;, we also assume the electrons to be scat-
tered by dislocations via coulom{DC) and strain fields
S). The influence of alloy disorder in the AlGaN barrier

tayer on 2DEG is neglected; the wave functiffag. (3)]

anishes at the interface. The inherent piezoelectric property
nitrides induces a high-density 2DEG (n
m?) 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'=38We restrict ourselves to WZ GaN and picture-
edge dislocations to be oriented parallel to thexis, the
conventional growth direction of WZ GaN, and to thread
through the interface between the GaN layer and AlGaN
layer8-1223Edge 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

to evaluateS; for the various scattering mechanisms. Thestrain field surrounding the dislocation lines via deformation
total §; can be calculated assuming the overall relaxatiorand piezoelectric potentials; in GaN, the dislocations parallel

time 7 to be given by Matthiessen’s ruf8:71=3,7 %,
Often we find in literature limiting forms d§; being used

to thec axis do not couple any piezoelectric potentiad?
Most recent investigations of the low-field transport of

in the analysis of data. In the degenerate limit, a good ap&GaN have been made in the frame of the relaxation time

proximation to Eq(6) is the well-known Mott expressiéh

concept’—1* Jena and co-workef$;'4with a view to under-
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stand transport in GaN/AlGaN HEMTSs, developed a theoryat the GaN/AlGaN interface. The relaxation times for these
of electron scattering by edge dislocations threading a perfet¢hree distributions of impurities have been worked out by
degenerate 2DEG and identified dislocation scattering as Walukeiwicz et al?? using the approach of Andet all®
mobility-limiting scattering mechanism. Following the treat- Considering the scattering by the ionized donors in the Al-
ment given by Jenat all? for charged dislocation scattering GaN layer to be caused by the fluctuations in the average
in a perfect 2DEG at a HJ, we have extended the formalisnfield of the donors and not by their distribution its&if°the

for the relaxation time to include the finite extent of the relaxation time in the case of RIs is

2DEG along thez-direction. Considering a dislocation as a

line of charge with charge densiy threading through the BENY3 (26 3

quasi-2DEG and using the screened potential, modified to 1= Cp—l f dq q (14)
include the finite extent of the 2DE&,we obtain the fol- 6k> Jo  Po(a,b)(4k? - g?)Y?’

lowing expression for the relaxation time:

, _ 2me"m p Ngis f x A@PF 1 where Co=128mm’'e*/ 7%, Ps(d,b)=[8q(q+b)*

"oc= 1313 q Q) \1 - e (10 +04(8b3+9b?q+3bcp) 2 with 0= (2mePng/ kkgT{[1
+exp(—Eg/kgT)]. In[1+exdEx/kgT]]} ™t and Ng, is remote
where impurity concentration. It may be noted that the screening of
3 3 p2e B the interaction appears in the facteg(q,b).
b =+ b” - agh™q alt;q 2a2q’ q#b In the case of Bls, scattering by the impurities in the GaN
AQ) = (b+a)g (b-qa) layer depends on the confinement of carriers and is important
g b3 15 for HJ samples with thick barriers and/or wide spacer
3.t q=b layers?>26 Using the approach of Andet al,'® the relax-
(b+g)°g 8b SR
ation time is given b¥?
(11)
with q=k-k’ and the expressions fa, a; and a,, are AC-Nw, (05 E(0(1 = 2
given by Andoet all® In Eq. (10), Ny is the 2D dislocation Tor = Laas il ) (15)

A 2 [l
density, andp, is, to a very good approximation, given by bl Joss D~ (0.5

ef/c,, c, being the lattice constant in tH6001) direction of

WZ GaN andf the fraction of filled acceptor statés. where F(X):69_336(+ 630¢2—580¢3+ 264(4_4&(5/[32(1
Allowing for the inclusion of the envelop function along —2%)(1-%)3+ B(10- 15¢+ 6], X, =k/b, B=qe/b andNg is

the perpendicular direction and considering the scattering the BI concentration ' ' s

of the electrons from the strain fields surrounding edge dis- Impurities may aléo be potentially trapped at the HJ inter-

locations, via screened deformation potential |nteract|onface’ possibly at the step edges: a dislocation generated may

. 6 ; ! .
Josh|e_t al> have obta_me(_:i an an.alytlcal expression for theenhance the trapping. When such impurities become charged,
scattering rate. By weighting the integrand in the EXPressiofy, o scattering from charges located at the interface is de-
for the scattering rate with factar’/2k?, we obtain the re- scribed by the relaxation tirfé

laxation time:

L aghim Nys( 1 -2y\2 [* g (1 +84.31%/807) N (X o

Tps= 33,2 _ 2/ 2" 7t=C IFC . (16

2aikCks \ 1=y /) Jo  eA(q)V1-(g/2Kk) IFC= 207 2 o P,(q,b)(4k2 — )12
(12)

Here, a. is the conduction band deformation potential,is 3. Interface roughness scattering
the magnitude of the Burger’s vector of the edge disloca-
tions, andy is the Poisson ratio for the crystal. The strength of IFR scattering in a particular sample is

For the low temperatures considered, we use in Efy.  determined by the actual morphology of the interfaces. The
and(12), the following expression for the screening function: random fluctuations of a HJ interface from its ideal flat
boundary are described by an autocorrelation functidrne
F(q)IL(q) (13)  interface is regarded as consisting of terraces of a few na-
Ksd nometer in size separated by atomic steps of a few tenths of

whereF(q)=8+9w+3w?/8(1+w)3, with w=q/b, is the form & nanometer and characterized, respectively, by two

) ; ; ; _ parameters—correlation length and the rms heightA.
ifjgktj?lzt;()][uilst(i:gr? ?siffégo?olrgg?qc)tfﬂm‘i?%?e static polar Based on TEM of Si/Si@ 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-

In modulation-doped HJ systems, the scattering of theness of the GaN/AlGaN HJ interface also to be described by
carriers by impurities can arise from the Bl in the GaN layerthe exponential auto covariance function. The relaxation time
and the RI in the AlGaN barrier layer as well as the chargess given by®27

2me?

s(q=1+

2. Impurity scattering
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2
do(1 - cosG)FT(q)(l +(g°A%2))7%2,

0 e(g)

o m*AZAZ 2w
TIFR = 243 f

(17)
whereq=2k sin(6) andT'(q) is given by =(47€*/ kg)(Ngep)
+ng/2).

4. Acoustic phonon scattering

PHYSICAL REVIEW B 71, 125334(2005

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

E T=4K
phonons to be insignificant. Assuming the scattering to be ; a N 210" em”
s 1 .

quasielastic and taking into consideration the degeneracy o 1wot—to—1— 1+ 1 .

the 2DEG, the relaxation time for acoustic phonon scattering 06 08 1.0 1.2 14 1.6 1820

can be expressed?s EE
o w |C-(Q)|2 FIG. 1. Energy dependence of electron relaxation rates in
Tj_l= WJ de(1 - Cosﬁ)f dag|1(9p)|>—5—A(E) GaN/AlGaN HJs aff=4 K with ng=2x 10" cm? due to scatter-
0 0 &(a) ing from acoustic phonons via deformation potent@irve a and

(18)

where A(E)={Ng[1-fo(E+Awg ]+ (No+D[1-fo(E
~hawg IH[1-o(E)] and [1(q)[?=b%/ (0?+02)%. #wg is the
energy of a phonon with wave vectQr=(q,q,) andNg the
phonon occupation number. The matrix elemi)tQ)|? is
given by |Cpp(Q)|?=E3Q/2pu,, for deformation potential
(j=DP) scattering andCpz4(Q)|*=A€’H,(Q)/2pu,Q for pi-

ezoelectridj=P2) scattering. The explicit forms of the func-

tion H,(Q) for longitudinal (e=l) and transversga=t)

piezoelectriccurve b fields, background impuritiegurve 9, dis-
locations via strain fieldcurve d, interface charge&urve @, re-
mote impurities(curve ), interface roughnesgurve g, and dislo-
cations via coulomb fieldcurve h. Curve 1 denotes the overall
contribution.

tor states in the dislocation are filled. Furthermore, the range
of electron concentration®s=1-5x 102 cm™) considered
ensures that the Fermi ener§y(=7A2 ng/m") lies well be-

low the second electric subband energy.

acoustic phonons, in the case of WZ GaN, are given With a view to better understand the relative importance

by?®  H(Q)=(h3/48)(15f,—33f,+12f,—f3) +(h,hy/ 4)(3f,
= 5f,+f,)+(h2/2)(fo—f1) and H(Q) =(h2/48)(3f,+3f, - 6f,
+f3)+(hahy/4)(fo+f,—f,) +h2f,. Here, the form factors,,,

of the various scattering mechanisms described, in determin-
ing the low-temperatur§,, we first examine the variation of
their relaxation rates %(E) as a function of electron energy,

arising from the anisotropy of the piezoelectric interactionE- Figure 1 depicts the energy dependence of the various

are given by fo=(8+9w+3w?)/8(1+w)3, f;=3w(5+4w
+W2)/8(1+w)4,  f,=3w?(8+5w+w?)/4(1+w)° and fg
=3w3(35+18v+3w?)/4(1+w)®, and h,=hg—h, and h,

=h;3+2hy5 h; being the components of the piezoelectric

tensor.

Ill. RESULTS AND DISCUSSION

We have performed numerical calculations &f of a
2DEG at a GaN/AlGaN HJ, using Eqes) and (10)~(18),
for parameters characteristic of WZ Ga8Nm'=0.22 m, p
=6.1 gmcm?, u=6.56x10° cms?!, u,;=2.68x10° cms%,
Es=8.3 eV, k=9.5, hy=10.86x10’ V/cm, hy;=-3.91

X 107 V/cm, hys=-3.57x 10" V/cm. The other parameters

chosen are typically used in the analyses of mobilit;
=10 cm3, Ng=0.5x10" cm34° a,=-8.0 eV, b.=a,
(the lattice constant3.189 A, ¢,=5.185 A, y=0.3514 A
=22 A, A=4 AB92 ny;=5.0x10"°cm 2% and Nic

=10" cm 23! Depending on the growth conditions of the

sample, typical dislocation densitied\ys range from
10° cm? to 1019 cmi2711 In Eq. (10), the filling factor f,

individual relaxation rates calculated using E¢K)), (12),
and (14)—(18), for a typical value ofng=2x 10> cm™2 at T
=4 K.2? With increase inE, the scattering rates due to Bls
(curve 9, IFC (curve @, RIs (curve ), and DC(curve h
decrease contrary to the case of @8rve d. The rate due to
IFR (curve g at first increases and then decreases with en-
ergy, E. In the case of acoustic phonon scatteringgé,
(curve @ and 7',}% (curve b, calculated usind18), show an
energy dependence similar to that observed in the case of
GaAs/AlGaAs HJg8 the characteristic dips in the narrow
region aroundgg arise due to the factoA(E). SinceS; is
sensitive to the scattering mechanism, the strong energy de-
pendence of these scattering rates arobpds expected to
influence the behavior d§; in the BG regime.

For the degenerate 2DEG at the GaN/AlGaN HJ, the

overall relaxation rate 7! may be calculated using

Mattheissen’s rule
Ao 1, 1, 1, 1, -1, -1, -1, -1
T =Tppt Tpz* T t TRt Tirc t Tikr t Toc T Tos-

(19

Curve 1in Fig. 1 shows the energy dependence of the overall

whose value depends on the carrier and doping concentraelaxation rates 2. It is found that the dominant contribu-
tions, ranges from 0 to 1. We take 1, that is, all the accep- tions to 7! arise from charged dislocation and interface
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the contributions do not depend linearly ®nThe departure
from the linear behavior is clearly seen in the case of DP
scattering in the temperature range: <20 K. Such be-
havior stems from the energy dependence of the relaxation
ratesop(E) and 755(E) aroundEg. Curve 2 in Fig. 2 shows
the temperature dependenceSgheglecting the contribution
from dislocations. We note that, in the absence of dislocation
scattering, scatterings at the interface, namely, IFR and IFC,
become important; Rls also contribute. Calculations, by the
present authors, of5; in AlGaN/GaN/AlGaN quantum
wells of both ZB and WZ structures have shown that, in the
absence of dislocation§, is determined at low temperatures
by remote impurities, interface roughness and piezoelectric
phonons®
It may be observed that, for the temperature range of in-
00 : ; : 1'0 : 1'5 : 2'0 : 2'5 0 terest (T<30K) and typical carrier densities(ng=2
T® X 10" cm™?) considered, the thermal energyT is much
smaller than the Fermi energy and only a small fraction of
FIG. 2. Variation ofS; with temperature in GaN/AlGaN HJs acoustic phonons having wavevectgk 2ke can interact
with ng=2x 102 cm™2. Curves a—h represent individual contribu- with the degenerate 2DEG. The transition into the Bloch-
tions to' S, from acoustic phonons via deformation potential, dislo- GrunesseifBG) regime, where acoustic phonon energies are
cations via strain field, interface roughness, acoustic phonons viaomparable tokgT and phonons withg~ 2k cease to be
piezoelectric fields, background impurities, remote impurities, disthermally excited, roughly occurs at a temperatlrg;
locations via coulomb field, and interface charges, respectively~ 2k:7iu,/kg. For longitudinal and transverse acoustic
Curve 1 denotes the total contribution. Curve 2 depicts the variatiomodes the values dfz are 35.5 K and 14.9 K, respectively.
neglecting contribution from dislocations. The BG transition is a consequence of the fadt@E) [in Eq.
(18)], which strongly reduces the acoustic phonon relaxation
roughness scatterings. This is consistent with the recent obates?®3° as in Fig. 1. In this context it may be noted that,
servations of Syeet al®2 Also, the factof1-cog6)] inthe  Stormeret al34 have observed rapid decreas$ecrease in
integrand for the relaxation rates indicates that it is the largethe acoustic-phonon-limited scattering rafmobility) of
angle scatterers that contribute significad®i¥? For the val-  2DEG in ultra pure GaAs/AlGaAs heterostructures at low
ues of the parameters employed, the contributiong'fo temperatures. In view of the strong energy dependence of
from IFC and RIs are found to be about two orders of magscattering rates arourt}, both in the case of Gakturves a
nitude small; the contribution from Bls is about four ordersand b in Fig. 3 and GaA$ systems, and thermopower being
of magnitude small. In the case of acoustic phonons, theensitive to the scattering mechanisms, it should be possible
contributions atE=Eg from DP and PZ scatterings are, re- to observe the transition into BG regime in the acoustic-
spectively, nearly six and four orders of magnitude smallphonon-limited thermopowé?.
with the contribution fromr;é being larger. With decrease in Figure 3 shows the dependenceSyf on dislocation den-
temperature the dips become deeper. sities. Curves a, b, and c represent the temperature variation
Figure 2 depicts the temperature variationSf calcu-  of §; for Ngi=10%, 1, and 16° cm?, respectively withf
lated using Eq(6). Curves a—h show the variation of the =1. Since, in Eq(10), p, andNgs appear as a product, Fig.
individual contributions toS,, for ng&=2x 102 cm™2, when 3 may be also be used to understand the depender&eoof
the electrons are scattered by DP phonons, DS, IFR, Pke dislocation charge density. It may be noted that, with
phonons, Bls, Rls, DC, and IFC, respectively. Curve 1 repincrease of dislocation density the magnitudé&pincreases,
resents the variation of the total contributionSg calculated though not proportionally.
with an overall relaxation time given by E@L9). It is seen Figure 4 shows the variation & as a function of the
that S, for the various mechanisnfexcept for acoustic pho- electron concentratiom,, at T=4 K. Curves a—g show the
non scattering increases almost linearly with, as expected variation of the individual contributions t§; from DS, IFR,
[Eq. (8)] for a degenerate 2DEG. The behavior®f it is  DP+PZ, Bl, RI, DC, and IFC scatterings, respectively. Curve
clear from Eq.(6), depends on the relaxation rates and theirl represents the total contribution$g For the temperatures
energy dependence. Thus, although a scattering mechanisand the range of concentrations considered, we find $hat
may have a high relaxation rate its contributior§janay be  decreases with increaseng at first rapidly and then slowly.
small because of its less dependence on energy. For the ran§gis found to be dominated by DC for lower values rof
of temperatures considered and for the values of parameteand by IFR for higher values. A similar behavior is observed
chosen,S; (curve 1) is found to be dominated by charged in the case of carrier mobiliti€st®12 This is consistent with
dislocations. FoNg<10’ cm?, S, is dominated by inter- the observation that as, increases the distribution of the
face scatterindlFR and IFQ. Although PZ phonons influ- electrons in the well changes becoming more confined to the
ence S, more than the DP phonons, the total contributionGaN/AlGaN interface. The influence of dislocation scatter-
from acoustic phonons is found to be only about 2% of theing from the strain fields is found to be negligible compared
total S; even at 30 K. However, it may be noted that, bothto that from the Coulomb field. It is also found that, the

70 Ndis =10"cm”
[ n = 2x 10%cm”®
60

50

30F

|5,| @K

20 -

10 -
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70

N = 10"%m?
T=4K

20

- n = 2x 10" cm?
0 n 1 1 1 i 1 n 1 1 1 i O 1 L 1 I 1 I 1

0 5 10 15 20 25 30 1 2 3 4 5
T (K) n (10" cm™)

FIG. 3. Temperature variation & in GaN/AlGaN HJs with FIG. 4. Variation ofS, with n, for GaN/AlGaN HJs af =4 K.

= 2 _2 . _2 . P . . .
na; 2><_1201 cm = for ;hreéeo val_l;es ofNgs 10° cm™? (curve 3, Curves a—g represent individual contributions3pfrom disloca-
10° cm (curve B, and 107 cm ™= (curve 0. tions via strain field, interface roughness, acoustic phonons via de-

contribution toS, from impurity scattering becomes appre- formatio_n pote_r_nial ar_ld piez_oelect_ric fields, bac_kground irr_lpurities,
ciable at lower electron concentrations. Curve 2 in Fig. gremote |mpur|t|e§, dislocations via coulomb field, apd _|nterface
shows the carrier concentration dependenc®, é6r samples charggs, respectlygly. Curve 1.den0tes.thel total contrlbutlor). Curve
devoid of dislocationsS; is found to be influenced by RI and 2 depicts the variation neglecting contribution from dislocations.
IFC scatterings fomg<2X 102 cm? and is controlled by
IFR scattering fom>3x 10*? cm™2. assuming the electrons to be scattered by various scattering
From Figs. 2 and 4 it is clear that the contributions frommechanisms operative in the system. We find that the contri-
DS and IFR are smaller than those from RI, Bl, IFC, andbution due to charged dislocations is important in determin-
DC. This can also be seen from the values of the energying the diffusion thermopower. With attempts being naaie
dependence exponeptof Eq. (9) for individual scattering reducing the threading-dislocation densities using novel
mechanisms. We have calculated the valuep r ns=2  growth techniques, it would be interesting to observe, in pure
X 10" cm™?, and find it to be nearly -0.5 for DS, 0.1 for samples, without dislocations at lower temperatures, a signa-
IFR, 1.0 for RI, 1.0 for BI, 1.3 for IFC, and 1.3 for DC. The tyre of the onset of the BG regime in thermopower stiiffies
value ofp for the overall scattering rate is found to be 1.28, similar to that observed in mobilities of such systems. At an
with and without IFC contribution, implying that charged interface, although surface acoustic phonons can as well be
dislocation scattering is the dominant mechanism. Dislocagxcited, in the present work bulk phonons are assumed to
tion scattering, thus, plays an important role in determiningyrovide a qualitatively correct description of the electron-
the low-temperatur&,. The effect of dislocations is to alter phonon interactiod® The influence of surface/confined
S, the effect being more for lower values of. It may be  acoustic phonons on thermopower in general, in 2DEG sys-
observed that the contributions 8 from remote and back- tems is being pursued. Experimental studies of TEP will test
ground impurities are also significant. the predictions presented in this work.
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