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Thermal conductivity of GaN films: Effects of impurities and dislocations
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We report details of the calculation of the lattice thermal conductivity wurtzite GaN. Numerical
simulations are performed fortype wurtzite GaN with different density of silicon dopants, point
defects and threading dislocations. Using the material specific model we verified the experimentally
observed linear decrease of the room-temperature thermal conductivity with the logarithm of the
carrier densityn. The decrease was attributed mostly to the increased phonon relaxation on dopants.
Our calculations show that the increase in the doping density frdftd @08 cm™2 leads to about

a factor of 2 decrease in thermal conductivity from 1.77 W/cm K to 0.86 W/cm K. We have also
established that the room-temperature thermal conductivity in GaN can be limited by dislocations
when their density is high, e.gNp>10'° cm 2. The obtained results are in good agreement with
experimental data. The developed calculation procedure can be used for accurate simulation of
self-heating effects in GaN-based devices. 2@02 American Institute of Physics.
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I. INTRODUCTION rescu et al® have also reported the thermal conductivity
Omeasurements at room temperature on GaN/sap(bi@l)
samples fabricated by hybrid vapor phase epitébtyPE).
In this work thermal conductivity was measured as a func-

Proposed applications of GaN-based devices as laser
odes, microwave power sources and ultrahigh powe

switches rely heavily on the possibility of removing h'ghft_ion of carrier concentration. For all sets of examined

density of excess heat from the device active area. Sel : -

: . samples, it was found that thermal conductivity decreases
heating strongly affects the performance of hlgh'powerinearl with log n: about a factor of 2 decrease infor
AlGaN/GaN heterostructure field-effect transistors and rfJ y gn

devicest? Different methods of effective heat dissipation, & o' decade increase in the carrier denaityOne should
. . . mention here that the observed decrease is most likely not
such as flip-chip bonding or substrate removal, have bee

envisioned for GaN-based deviciEhe material of an active due to increased phonon-carrier scattering but rather due to

layer and the substrate material generally determine the the‘JJ

mal resistance of the device structure. Thus, it is important t§"oup has also reported the room-temperaiure thermal con-

know the accurate values of the thermal conductivity of cor-dUCtIVIty of LEO GaN films to be in excess ot=1.55

) : : . Wi/cm K.’
responding materials and their dependence on doping densi- .
P g P ping In our recent lettérwe have demonstrated that the dis-

ties and dislocation concentration in order to perform heat betw lv GaN th | ductivity Yated
spreading simulations and obtain thermal constrains on the'©Pancy between early ia’t thefma’ conductivity da
device design. new results obtained for LEQ and HVPE samples can be

The first measurements of the thermal conductivityf attributed to phonon scattering on dislocations and point de-

GaN films grown by hydride vapor phase epitaxy revealed a(ects. Moreover, we were able to correlate the experimentally

rather low value of about 1.3 W/cm K at room temperafure observed difference in the thermal conductivity values for
More recently, using the scanning thermal microscopy techihe stripe and seam lines in LEO samples with the difference

nique, Floresctet al® determined that the thermal conduc- N the dislocation density in the stripe and seam regfoms.
tivity of the GaN films fabricated by the lateral epitaxial S Paper we report details of our calculation and examine
overgrowth (LEO) is about 1.7-1.8 W/cm K. For some t_ht_a effects of doping and impurities on the_ thermal cond_uc—
samples the thermal conductivity value reaches2.1 tivity. 'At the end we compare our numer'lcal results Wlth
W/cm K on the stripe regions characterized by lower disb_expenmeptal data fok dependence on carrier concentration
cation density. The latter value is much higher than that if€Ported in Ref. 6. _ _

between stripes, e.g., in the vicinity of the Sifask, where The rest of the paper is organized as follows. In the next
the density of dislocations and impurities is very high. Flo-S€ction we present details of the theoretical model where we
include scattering mechanisms specific for GaN. In Sec. lll
we describe impurities characteristic for GaN, provide

dAuthor to whom correspondence should be addressed; electronic maihumericaj results for the thermal conductivity and com-
alexb@ee.ucr.edu

bpresent address: Emcore Corporation, 145 Belmont Drive, Somerset, N3ar€ them with experimental data. Conclusions are given
08873. in Sec. IV.
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1. MODEL TABLE |. Material parameters in GaN.
Among known possible crystal structures for the group- ~ Material parameters Set | Set i
[l nitrides, the thermodynamically stable one under ambien{ attice constant a ) 3.18¢ 3.18¢
conditions is waurtzite (hexagonal structure. In wurtzite Lattice constant c (A)3 5.18% 5.18%'
GaN, to which we restrict our analysis, the lattice constantdolume per atom Vo (A%) 11-‘;)2 %)17-‘:?2
at room temperature ar@=3.189 A andc=5.185 A. One (D;;‘r‘]r;i';e” parameter ) (k;//m3) 2'175@ 6150
should _note here thate do not use fitting paramete@ our | ongitudinal elastic constant C, (GPa 265 398
simulation. Instead, we calculate thermal conductivity forTransverse elastic constant C; (GP3 44.2 105
different sets of material parameters reported for GaN in lit-Shear modulus e (GP/a) 44.2 81005’0
erature. The calculation is based on the phonon relaxatiokengitudinal sound velocity oL (m/s) 6560 4130
: ; ; Transverse sound velocity vr (M9 2680
rates found from the perturbation theory. Our simulation re-_"=">"* . v (M9 4929
| h d with ilabl .  th Polarization averaged velocity 3338 1058
sults are then compared with available experimental t erme}_gebye temperature 05 (K) 1058

conductivity data.

) o %From Ref. 12.
A. Lattice thermal conductivity bFrom Ref. 23.

In technologically important semiconductors, the domi-

nant contribution to the room-temperature thermal Conducballawa 's formulation. we use a sinale-branch polarization
tivity comes from acoustic phononis:lorescuet al® experi- Y ’ 9 P

mentally determined that the electronic contribution togveraged velocity along a specified crystallographic direc-

thermal conductivity in GaN is aboutc,~1.5x1073  UON
W/cm K which isthree ordersof magnitude smaller than the
typical value of the lattice thermal conductivity. Thus, here
we neglect the electronic contribution to thermal conductiv- o
ity. We base our calculations on Callaway’s phenomenologiwherév, andvr ; , are the longitudinal and transverse sound
cal theory® and Klemens’ second-order perturbation theoryvelocmes, respectively. Alon§001] direction, which corre-

formulas for phonon scattering ratddn Callaway’s formu-  SPonds t0001] four-axes notation used for hexagonal lat-
lation the lattice thermal conductivity involves two terms tiC€, two transverse branches are degenerate and have the

-1

: ()

(1
13

1 1 1
Uty Ut2 UL

k = K1+ Ky, Wherek; andk, are given by same velocity given bV.T,l:UT,ZZUT:(CAzi//ZP)l/Z; the lon-
gitudinal velocity is defined as, = (Cs3/p)~“. Along [100]
3 o /T 4% direction, two transverse polarizations have different veloci-
Ke\® kg _5 (/T 7cX"e : : 12 12
K= ? 5 > 0 (ex_—l)zdx, (1) ties g|Ven byUT:(C44/'p) and UT:[(C]_]__ ClZ)/p] -
v Here, C; ; are the elastic constants of the crystal. Material
arameters extracted from Ref. 12 and Ref. 14 are summa-
0p 1T 2 P
[f ° (el Ty)X*eX(eX— 1) 2dx rized in Table I. In cases, when dislocation lines and heat
_[ke ° ks T3 0 flux are considered to be strictly oriented and mutual orien-
=\ R 272 o /T . o tation of dislocation lines and a temperature gradient are im-
f rel(TnTR)IXTE (€5~ 1) “dX portant, one can use general formulas for the sound velocity

(2)  9iven by Deguchkt al®

Here, kg is the Boltzmann’s constanf; is the Plank con-
stant, T is absolute temperature, is an average sound ve-
locity, mv=7n(X)[ 7r=7r(X)] is relaxation time in normal In Callaway and Klemens’ formulation, the combined
(resistive processessc= 7c(x) is combined relaxation time, relaxation rate can be written as a sum of the resistive scat-
 is the phonon frequency, ang=% w/kgT. This model as- tering probabilities 4c_1/7g=%;1/7;, wherer; represents
sumes Debye-like phonon density of states, one effectivéelaxation times relevant to a given material system. For
acoustic-phonon dispersion branch, and the additivity of thé>aN the important relaxation processes are Umklapp scatter-
relaxation rates for independent scattering processes, so thag (7y), point defect(impurity atoms and vacancies oply
tot=15"+ 7y} Here 7z includes relaxation in three- scattering(rp), and scattering on dislocatiorisp). We do
phonon Umklapp processes, point defects, and dislocation80t include isotope and boundary scattering rates since they
The relaxation rates in normal processes become comparabée important for extremely pure samples or at very low tem-
to those in resistive processés,~ rR) only in very pure, perature. From the second-order perturbation theory, the re-
defect-free samples. In GaN films the concentration of stati¢axation time for three-phonon Umklapp scattering at high
imperfections(point defects, vacancies, dislocations, ete. ~ temperatur¢T=300 K and abovkis given by?®

B. Phonon relaxation rates

very high which leads to the total dominance of resistive 1 keT 2
processes and the conditiefy >> 1 so thatrc~ 7 and — =2y —, 4
K~ Ky, Tu mVo wp

In real crystals, the sound velocity(q) depends on the wherey is the Gruneisen anharmonicity paramejeiis the
direction and magnitude of the phonon wave vectoand is  shear modulusy, is the volume per atom, andp is the
specific to a given phonon polarization type. In the spirit ofDebye frequency. The shear modulusn Eq. (4) is related
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to the transverse sound velocity through=vZ2- p. The unit  location line. For dislocations perpendicular to the tempera-

volumeV,, for wurtzite GaN is given by/,= \3a’c/8.1¢ ture gradientp=1, while for those parallel to the gradient
The phonon relaxation on point defects can be writtenp=0. If dislocation lines are orientated at random with re-
as! spect to the temperature gradient, the average value found by
4 integration isy=0.551" The phonon scattering rate by the
i: Vol @ 5) elastic field of the screw (%4) and edge (M) dislocations
™  4au3 can be written ag''’

1 1
272

1-2v\2
1-v

2

h

wherel" is the measure of the strength of the point defect1 2% .

scattering. In our lettérwe assumed for simplicity that the T_Sz 37/277NDb57 @, ®)
point defect scattering is only due to the difference in mass

of substitutional foreign atoms. Here we retain a second termy 2372 2

given in the original Klemens’ formulatiol,which is due to = TZWNEbEVZw ] :
scattering of phonons by an elastic strain field of a point E 3 9
defect. The mass of an impurity atom is well known, but the ©)

local displacement in the host lattidR (= R—R;) is usu-  Where v=Cy/(Cy3+Cyp) is Poisson’s ratiops and bg are
ally not. Following Ref. 17 we estimateR by assuming that magnitudes of Burgers vectors for the screw and edge dislo-
the interionic distances are the sum of the ionic radii, so thagtions correspondingly. In real crystals, the Poisson ratio is
the value ofAR is the difference between the radii of the @nisotropic and does not have a uniquely defined average
impurity R, and host ions. Thus, the strength of the pointYa|Ue- For the purpose of the present work, its value for GaN

defect scattering is given by is taken to be 0.37, which corresponds to the isotropic case.
As the characteristic values of Burgers vectors in GaN films
2 2 9,21
M; Ri we také®
r=> fi||1-=| +2{ 64y 1- =]} |. (6) B
| ) ) bs=c[0001]= db _a[1120]_a\/§
Heref; is the fractional concentration of the impurity atoms, s=cl J=can E 3 3

M; is the mass of thdth impurity atom or defectM  The Burgers vector for the mixed dislocation lig,=bg
=ZXifiM; is the average atomic madg, is the Pauling ionic 1 ,_ 21 The scattering rate on mixed dislocations 7Y
radius of theith impurity atom or defectR=23,f;R; is the  jst17
average radius. Characteristic residual impurities and doping

atoms that were used for calculation of the point-defect scat- - _ 2/2 NMA20| b2+ b2 }Jr i( 1_2”>2
tering term are discussed in the next section. 372D Y @IPSTRE| 2T o4l 1=y
Due to their large lattice mismatch, heteroepitaxy of .
GaN on sapphire or SiC substrates results in films with typi- x| 142 U_L) } (10)
cally large threading dislocation density of about ten2 — vT '

1 —2 19-21 H
10t ecm™2, although some special methods allow us to Here NS | NE andNnDA are the densities for the screw,

; ; —2 20 . . ; . . :
reduce_ this density down to 1@m ; Transmls_smn ele(_: edge, and mixed dislocations, respectively, so that the total
tron microscopy reveals that the dislocations in GaN f|Imsdensity of dislocation i&p=NS+NE+N . Assuming that

H H — YD D D
?hre ustually .all%ned along axis ar_1d gm:ld belongl tol otr_1e of honon relaxation on dislocations is an independent process,
) rtlaed ypﬁh € gte, Scri\'\é’. ?r mt|_xe ' Q ourt ca (lfu ? |o(n; Vl\il he combined phonon relaxation rate on dislocations is then
Inciuce all three types of dislocations charactenstic Ior alN e, jated as ¥h=2;1/7;, where 7; represents scattering

Pho'f‘O“ can scgtter on_d|slocat|c_)ns via two d'SF'nCt'VPTtimes on the dislocation cofepc), on the elastic strain field
mechanisms. The first one is scattering by the elastic straip; edge(rg), screw (7o) and mixed(ry) dislocations. As
E/» S M . -

field of the dislocation lines, which is a long-range interac- - oo ;
. - ' ~ ™ suming 1#c=1/7y and evaluating integrals in E and
tion. Similar to the three-phonon Umklapp process the inter- g Hc= Ty g Integ aED)

X . e ; .~ "~'(2), one can calculate thatrinsic thermal conductivity, e.g.,
_actlon Qf phonons W'?[h the strain field O_f the dlslocapon IIneStheoretical limit, for GaN film. The intrinsic thermal conduc-
is mediated by the higher order terms n the _potentlal energ jvity is limited by the crystal anharmonicity only, which is
of real crystals. The secor_1d me_Char_“Sm IS _sca_ttenng Ohcluded in the model via the three-phonon Umklapp pro-
phonons on the core of the dislocation lines, which is a short

int i deled similar t i it cessegsee Eq.(4)]. For 1kc=1/7y+ 1/7p+1/75, one ob-
fange interaction mo e7e simiiar to mass-difierence scatlei,; s e extrinsic thermal conductivity that includes all ma-
ing on point impurities” The phonon scattering rate at the

f the dislocatiori/ . tional o th be of jor phonon resistive relaxation processes, namely scattering
core of the dislocatioril/7pc) IS proportionai to the cube ot , impurities(point defects and dislocations. It is this value
the phonon frequency and givenby

that has to be compared with experiment.

1 Vo,
- = WND_ZCU ’ (7)
e v Ill. RESULTS AND DISCUSSION
whereNp is the density of the dislocation lines of all types, There is a significant discrepancy in values of material

and » is the weight factor to account for the mutual orienta- parameters reported for GaN. For the simulation we use ma-
tion of the direction of the temperature gradient and the disterials parameters shown in Table I. In our calculations we do
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not use any of the material constants as adjusted parameters
but rather evaluatec for distinctively different sets of re-
ported material constants and then compare the results with

SOLID: EQUALLY DISTRIBUTED
SCREW, EDGE AND MIXED DISLOCATIONS |
\_DASHED: EDEG TYPE DISLOCATIONS

18

available experimental data. For the materials constants indi- 17r
cated as Set | and Set Il in Table | we obtain the intrinsic

lattice thermal conductivity, e.g., theoretical limit=3.36 18r
and «k=5.40 W/cm K, respectively. It is important to empha- 15k

size that the relatively large difference between these two
values of the intrinsic thermal conductivity is entirely due to
ambiguity in elastic constants reported for GaN. These val-
ues compare well with the “upper bound” value &f-3.2 13 , , ;
W/cm K deduced by Slack for a similar material such as 250 300 350 400 450
AIN.?2 The numbers are also in agreement with the theoret- TEMPERATURE (K)

ical ther_mal conducuylty “mltK:,4'1 Wicm K for GaN Cal-_ FIG. 1. Thermal conductivity of wurtzite GaN films as a function of tem-
culated in Ref. 23. Since GaN films are very far from beingperature. The concentration of threading dislocationégs-101° cm2. The
defect free and pure, the experimentally measured values eblid curve corresponds to the case when the dislocations are equally dis-
xin GaN are much smaller than the calculated intrinsic limit.tributed among three possible types: screw, edge and mixed. The dashed

curve corresponds to the case when all dislocations are of pure edge type.

Below we examine how static defects affect the thermal Con"l'he results are obtained for typical impurity concentrations and phonon

ductivity value. velocity averaged over possible polarization branches and directions.
In order to include point-defect scattering to our simula-

tion [see Eqgs(5) and (6)] we need to use realistic concen- ) ) o

tration of impurities in GaN films. In his early stud§Slack ~ ure are taken from Table(Set ), the impurity profile is from

has noted that in wurtzite AIN the common troublesome im-column (')A‘ of_;’ablg IIl. The dislocation density is equal to
purities that limit thermal conductivity are carb¢@), oxy- Np=10" cm _Swh|le the concentration of vacancies is taken
gen (0), and silicon(Si). He also pointed out that oxygen to be 1% cm™3. Calcu_latl_ng th_ef\ scattering on point defects,
enters the AIN lattice and substitutes for N up to very highWe @ssumed that the ionic radii for Ga and N are 62 and 171
oxygen concentration. Characteristic residual impurities irPM: respectively. The ionic radii of the impurities are pre-
GaN grown by metalorganic chemical vapor depositionSented in Table il

(MOCVD) and molecular beam epitaxBE) are also C, The dgshed_ curve in Fig. 1 corresponds to the case when
0, Si as well as hydrogefH).2425The common source of H all thrgadlng dislocations are of. the e.dge type. The sohc_i
is NHs, which is used in GaN growth process described b)}:urve is for the case when the dislocations are .equally split
the following formula (CH):Gat+NHs—GaN+CH,] among three posglblg types: edge, screw anq mlxgd. Accord-
+H,7.25 It was found that although His electrically and ing to thg transmission electron and x-ray diffraction study
optically inactive in all semiconductors, atomic hydrogenreport_eOl in Ref. 20 fo_r HVPE grown G_aN samples, the as-
diffuses rapidly and can form neutral complexes with Sumption of equally distributed dislocations among the pos-

dopant£® Atomic hydrogen can attach to dangling bonds SiPle types is a feasible one. The difference between these
associated with point defects. There is an evidence that HtV.V0 CUIVeS 1S no_t large because for the N hose_n value of the
ion is often located at the anti-bonding Ga site and can bénslocatlon density, Umklapp and pointimpurity scattering

attached to Si dopants. Silicon plays the role of a shallow contribute stronger to the acoustic phonon relaxation than

donor, which substitutes Ga. In the present model only negagcattering on dislocations. A characteristid dependence

tive ions of H attached to Si are considered. Two other S€€" in this plot is typical for crystalline solids at high tem-

impurities included in the model are carbon and oxygen. Th erature angl It |sddue 0 Utmtlflappfs(;:_a;[ter|rt1_g. In c_?rllculatlont
source of O in GaN is usually NHprecursor used in we assumed random orientation of dislocations with respec

MOCVD growth, the residual water vapor in MBE chambersto the heat flux lines so thaj=0.55. This leads to the direc-

or O impurities leached from the quartz containment vessetlIonaIIy averagedc and roughly corresponds to the scanning

often employed in B plasma source®. The source of car- thermal.microscopy measurement; wherg he_at is generated
bon impurites in GaN is the metalorganic gallium by a point source and propagates in all directiohs. .-
precursorz.6 Finally, the source of Si impurity in LEO grown In Figs. 2a) and Z.b) we.pres.ent therr_nal conductivity
samples can be diffusion from SjNmask in addition to dependence on the dlslocatlon_ line _densr[y for two sets of
n-type doping with SiH or SiHs. It is known that samples material parameters and the impurity concentrati¢sse

even without intentionah-type doping have Si concentration
comparable to C and H. The last type of impurities taken intOTABLE II. lonic radii and typical impurity profileSin GaN.
consideration is Ga vacancies in G&\/ For each specific

—4nt0 -2
1.4} N=107 (em™)

THERMAL CONDUCTIVITY (W/cm-K)

impurity we calculate the scattering rate given by E@. Material lonic radiuspm) A (em™)  B(em®)  C(em?)
and (6), and then add them all. Vacancies are considered toxygen 140 x10Y 6x10'° 3x10
be atom-like entities wittM; = 0 andR; = 0. Hydrogen 208 10" 3x10Y  1.4x107
Figure 1 shows the lattice thermal conductivity in wurtz- Sticon 41 310°  1.5x107  1.4x10%
Carbon 260 x10'° 6x10' 2x10Y

ite GaN as a function of temperature for the fixed concentra-
tion of impurities. The material parameters used for this fig-From Ref. 25.
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—~ 32 T T T < 24} ' !
< SETII e SOLID: CORRELATED H AND Si
£ 28} S 22[  CONCENTRATIONS ]
g g 20 DASHED: FIXED H CONCENTRATION ]
S 24¢ ' £
= 2
2 20} 1 5
Q SET | 2
2 [
16F 1
O 1.2} T Z
-
=
% 08} ;
e ROOM TEMPERATURE Foo2f )
F o4 . . . 10" 10" 10"
10° 10° 10" 10" 10" 10" DOPING CONCENTRATION (1/em)
2

DISLOCATION LINE DENSITY (cm") FIG. 3. Thermal conductivity in Si-doped GaN films as a function of doping
< 18 — concentration. The solid curve corresponds to the case when an increase in
£ A ) N N b silicon doping densityns; is accompanied by the increase in the hydrogen
2 16} (b) E ny impurity concentration. The dashed curve corresponds to the case when
E B : the hydrogen impurity concentration is a fixed valug=2x 10 cm™2,
t 14}F 1 and only silicon doping densitys; changes. Note that an order of magnitude
S increase in the doping densitgarrier concentratiorleads to about a factor
fr 12f ] of 2 decrease in the thermal conductivity: specifically, from 1.77 to 0.86
8 10k R W/cm K for the solid curve. Experimental points indicated with error bars
% ’ are taken from Ref. 6.
S 08l ROOM TEMPERATURE
z 06 A: IMPURITY PROFILE A erties, e.g., Umklapp scattering, and point defects.
E . 6 . .
@ 0.4} B:IMPURITY PROFILEB Florescuet al” experimentally determined that thermal
u conductivity decreases linearly with 109, the variation be-
'_ Ul

0‘2105 1;)9' 107 1'611 1612 10" ing about a factor of 2 decrease infor every decade in-
crease in the carrier concentrationHere we examine this
dependence theoretically on the basis of the model described
FIG. 2. Room-temperature thermal conductivity of wurtzite GaN films as a@DOVe. For simplicity we neglect the scattering of acoustic
function of dislocation line density calculated fa) two sets of material  phonons on electroné.It is known that the free carrier scat-
parameters and one fixed characteristic impurity proftiepne fixed set of tering contribution to thermal resistance is small compared to

material parameters and two different impurity profiles. One can see that efhat of static imperfectionjsl We assume that measured de-
low dislocation densityNp<10'° cm™2) the thermal conductivity becomes )

independent oNy and is defined by crystal anharmonicity and point-defect C.rease ing is due. to increased. phpnon spattering on impuri-
scattering. ties whose density changes with increasing doping level. The

electron densityr in n-GaN films is correlated with the con-

centration of silicon dopantsg;. Thus, one has to calculate
Tables | and I). Different values of material parameters for thermal conductivity as a function of the doping density.
GaN and impurity profiles used lead to the different thermalHere two cases need to be considered. First, the concentra-
conductivity values at low dislocation densifNp=10° tion of Si dopantqg; is an independent parameter, and one
cm2). Figure Za) shows thermal conductivity for the same can changens; while keeping other impurity concentrations
impurity profile but different material constan(Set | and fixed. Second, the concentration of Si dopants is correlated
Set I). Figure Zb) demonstrates two thermal conductivity with the hydrogen impurity concentration,. Changingng;
curves for exactly the same material paramef&et ) but  in the point-defect scattering term, we should also change
different impurity profiles(columns A and B of Table ]I ny . The former case allows us to elucidate the mechanism of
Despite ambiguity in material constants and a range of obthe decrease easier while the latter seems to be more realistic
tained thermal conductivity values that span from 1.51 toaccording to experimental repofsin Ref. 25 an increase in
2.95 W/cm K at low dislocation density, the obtained resultsthe concentration of H due to increase in Si doping-itype
are quite realistic and in line with reported experimentalGaN (such thatng=~n,;) has been described. It has been
data®~’ As the dislocation density exceedls,=10'° cm 2  attributed to negative H ion attachment to positive ions of
the thermal conductivity starts to decrease. In the rddge silicon at anti-bonding Ga sites.
=10'""- 10*? cm 2 one can observe strong dependence of the  Figure 3 shows thermal conductivity in Si-dopedaN
room-temperature thermal conductivity on the dislocationat room temperature as a function of carrier concentratjon
line density. This result is in agreement with experimentalwhich is assumed to be equal to the concentration of silicon
data for LEO samples characterized by over a two-order-ofdopants. The dashed curve corresponds to chanmgijng=n)
magnitude difference in dislocation density between theand fixedny, while the solid curve correspondsiig~ny .
stripe and seam regionsFor low dislocation densityN,  Typical experimental points from Ref. 6 are indicated with
<10'° cm ?) the room-temperature thermal conductivity error bars. As one can see in both cases, the theoretical
does not depend oNp and is determined by intrinsic prop- curves closely follow the log) dependence. An order of

DISLOCATION LINE DENSITY (cm™)
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magnitude increase in the carrier concentratfoom 10 to 'R. Gaska, A. Osinsky, J. W. Yang, and M. S. Shur, IEEE Electron Device
10'® cm3) leads to about a factor of 2 decrease in the ther- Lett. 19, 89 (1998, _
mal conductivity, from 1.77 to 0.86 W/cm K. Our calculated °L- F- Eastman, V. Tilak, J. Smart, B. M. Green, E. M. Chumbes, R. Dim-
dependence agrees well with indicated experimental results"®% Kim Hyungtak, O.'S. Ambacher, N. Weimann, T. Prunty, M. Mur-
from Ref. 6. The theoretical curves intersectn@,r.: nL=2 phy, W. J. Schaff, and J. R. Shealy, IEEE Trans. Electron Devi8e479
;o ' , , X H (2001).
x 10t cm” a point Wher? iImpurity scattgrlng terms be- 3R pietrich, A. Wieszt, A. Vescan, and H. Leier, in Proceedings of the 4th
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