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Atomic structure of dislocation cores in GaN
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The atomic structures cd and c dislocation cores in the wurtzite gallium nitride have been studied by
atomic computer simulation using an interatomic potential of the Stillinger-Weber type. Initially, the field of
displacements is imposed according to the classical linear elasticity theory and then the system is relaxed to the
minimum energy. The dislocation cores present multiple structures that can be related to the location of the
dislocation line. The shape and extension of the dislocation cores are analyzed by means of the atomic relative
displacements map. The core eneEyyand core radius, are determined by fitting the strain energy stored in
the cylinder of radius}, centered on the dislocation line, to the expresstgfR) = Ay In(R/ry) +E..
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I. INTRODUCTION IIl. COMPUTER MODELING

. . . . . A. Computational method
GaN is a semiconductor that presents a high applicability

in optoelectronics and in high-power, high-frequency de- The system was created initially as a perfect crystal in the
vices. The defects lying on the surface of the substrate and/é@rm of a rectangular parallelepiped with sides along the
the difference in lattice parameters and thermal expansiofil210], [1010], and[0001] directions. Periodic boundary
coefficients between the GaN and the substrate induces in tlenditions were applied along the dislocation line direction
grown GaN a high density of threading dislocations. More-and fixed boundaries were imposed along the other two per-
over, if the growth process is nucleated in islands, tilt boundpendicular directions. The outer region that forms the fixed
aries are created that can be explained in terms of sequendesundaries has a thickness such that all inner region atoms
of edge dislocation$? Thus, provided most of crystallite have a full neighborhood within the range of the interatomic
imperfections(impurities, vacancy, dislocations, and grain potential. Each dislocation was introduced by imposing the
boundariel can give rise to electronic states throughout thedisplacements of the isotropic linear elasticity théay the
band gap, it is important to know their atomic structure frominner and outer region atoms. Since the dislocation core may
which an understanding of the optical properties can be desresent more than one stable configuration depending on the
veloped. In this paper we present the core structures of eddecation of the origin of displacemerftsa systematic study
and screw dislocations in GaN studied by atomic computeof the possible cores has been done by changing the position
simulation using a modified Stillinger-Web&W) empirical  of the dislocation line. We notice that only the positions that
potential. The same potential has been used in the study ¢d¢d to nonidentical configurations are reported here and pre-

[0001] tilt boundaries" sented in Figs. 3-5, 8, 10, 11, and 14.
For the prism edge andscrew dislocations with disloca-
Il. EXPERIMENTAL EVIDENCE tion line along thd0001] direction, the size of the parallel-

. . L . epiped was 6@, [1210]X 60v3/2 a, [1010]X 2 ¢, [000]]
The nature of the dislocations existing in good—qualltyWFi)tEa total of 208[800 a%oms For tf?e[ basa% screv(\)/ Eareatdig]e
GaN is currently well identified. Three types of threading '

dislocations are observed in epilayers grown on the substraffislocations that have their dislocation line along [(h@10]
(0001) plane with Burgers vectors(1210) (a type of edge direction, the crystal size considered was\§0a, [1010]

character, [0001] (c type of screw charactgrand3 (1123) <30 ¢o [0001] X4 a, [1210] with a total of 28 800 atoms
(a+ c type of mixed charactgrlt has been found that, under (8o andc, are the equilibrium lattice parametgrs

certain techniques of growth, such as the two-step epitaxial The calculation of the configuration of minimum energy
lateral overgrowth(2S-ELO process, the dislocation line is performed using the so-called quench molecular dynamics
changes its orientation froff®001] to a direction lying on method® The system is divided into two coaxial cylindrical
the basal plane. Thus, there is evidence of the creation degions (inner relaxable region and outer fixed boundary
c-type dislocation with edge character amtlype dislocation ~ With the axis along the dislocation line and radii 1#,446

with screw character during the growth process. The atomid) and 18.4, (59 A). A thermodynamic temperature is cal-
structure of the core of prism edge dislocations has beefulated at each step and the relaxation finish when this tem-
investigated by high-resolution electron microscopyperature is less than 18 K.

(HREM) (Ref. 2 and byZ contrast and three different cores
have been identified, named the 4, 8, gratom rings. 14~°
c-type dislocation with screw character are reported. These
dislocations can have either a full core or an open core. The Nandedkar and Naray#h!! have studied the atomic
later are described as nanopipes of hexagonal section thatructure of dislocations in Si, Ge, and diamond using four
terminate on the free surface of the film. empirical potentials, namely, the Baraff, Keating, Stillinger-

B. Interatomic potential
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TABLE I. Parameters for the Stillinger-Weber potential and calculated structural properties of wurtzite structure. Experimental values are
between parentheses.

Aichouneet al. (Ref. 19 Present work
Ga-N Ga-Ga N-N Ga-N Ga-Ga N-N
Parameters of the Stillinger-Weber potential

¢ (eV/bond 2.17 0.655 0.655 2.17 1.2 1.2

o (R) 1.695 2.038 1.302 1.695 2.1 1.3

N 325 26.76 26.76 325 325 325

a(r./o) 1.8 1.8 1.8 1.8 1.6 1.8

A 7.917 7.917 7.917 7.917 7.917 7.917
B 0.720 0.720 0.720 0.720 0.720 0.720

Lattice parameters

a(A) 3.23(3.19° 3.19(3.19°
c(A) 5.28(5.19°2 5.20(5.18?
Inversion domain boundaries excess energies
AE (mJ/nf) IDB Not stable 25902663°

IDB* 702 (400° 949 (400

gExperimental data.
PRef. 16.

Weber(SW), and Tersoff potentials. They report that the SWrelax to another inversion domain boundary named %DB
and Tersoff potentials describe the dislocation atomic struchaving no wrong bonds. This structure can be formed by
ture better. In the framework of the SW potential for(Bef.  translating one side of an IDB hy/2 along thg 0001] direc-

12) a series of potentials have been adapted to the study dfon. Nevertheless, Potin and co-workeérseported an ex-
l1l-V semiconductors? Recently, the radiaftwo body and  perimental evidence of the existence of both inversion do-
angular(three body terms describing the energy of a GaN main boundaries. The parameters given by Aichoune and
system have been derived by Aichoune and co-wotRéat  co-workers* are such that they only stabilizes the IDB struc-
take into account the specificity of the different bonds,ture if the range of potential is fixed close to the first-
namely, Ga-N, Ga-Ga, and N-N. The fitting parameters wer@eighbors distancélnn. We have generalized the applica-
the lattice parameters, experimental elastic constants and thdity of the potential by slightly modifying the parameters
results of theab initio calculations for an inversion domain (see Table | and Fig. )land vanishing all interactions
boundary(IDB, described by the Holt mod€) performed  smoothly to zero just before the second-neighbor distance
by Northrup and co-worker€. In fact, these authors claim (2nn). The two body terms are plotted in Fig. 1 as a function
that the IDB structure is quite unstable in GaN, and wouldof each interaction type. The new potential reproduces the

] " 1 1 1

FIG. 1. Two-body terms as a function of each
interaction type. The 1 and 2 digits refer to pa-
rameters given by Ref. 14 and the present work,
respectively.

T T T T T T
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r (angstroms)
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FIG. 2. (a) crystal geometry of the prisma edge dislocation. The dislocation lies alof@001] and glides on 0110} plane. (b)
Projection into(0002) of the perfect crystal. The closed circles represent N atomssites of the wurtzite lattice. The open circles represent
Ga atoms irB sites. We notice that one closed circle superimposed one open circle and reciprocally. The points mBikel,asnd P
correspond to the origin for displacements when the dislocation is introduced.

FIG. 3. Relaxed configuration of treeedge dislocation when the origin displacements is located in the point markieg inyFig. 2: (a)
Core described by five- and seven-coordinated charBetsre. It presents wrong bonéGa-Ga in this plane andN-N) for the planes
above and belowb) Map of differential displacements of neighboring pairs of atoms.

FIG. 4. Relaxed configuration of theeedge dislocation when the origin displacements is located in the point marked ibyFig. 2: (a)
Core described by four-coordinated chann@g&ur core. It is characterized by four bonds practically in the same plébeMap of
differential displacements of neighboring pairs of atoms.
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FIG. 5. Relaxed configuration of treeedge dislocation when the origin displacements is located in the point markieglinyFig. 2: (a)
Core described by eight-coordinated chanrielght core. The core has a dangling bon@) Map of differential displacements of neigh-

boring pairs of atoms.
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lattice parameters and elastic constants; it stabilizes the IDBdge dislocation ang.b?/4s for the screw, wherd is the
structure and reproduces th initio result$® obtained for Burgers vectory is the shear modulus, and0.37 for GaN

the length of the wrong bond crossing the boundary and theref. 18] is the Poisson ratio. In Table Il there are the ex-
energy per unit area. The modified potential gives the*IDB pressions of the shear modulus as a function of the elastic
as the most stable configuration although it overestimates itsonstants and the prelogarithmic fact@rﬁhw (from the elas-
energy. In this work, we found that this potential is able totic constants calculated with the potentiahd ASXP (from the
discriminate two close minima of similar energy correspond-experimental elastic constapfsr the edge and screw dislo-
ing to two configurations of the prism edge dislocation andcations. The agreement between the two sets of values is
gives results that may well compare widl initio calcula-  consistent with the fact that the elastic constants are fitting
tions as described below. parameters for the potential.

When the anisotropy of the crystal is considered, the pre-
logarithmic factor has to be substituted by the corresponding
prelogarithmic factoA, of the energy of a straight disloca-

The strain energy of a dislocation within the linear elas-tion of the same Burgers vector and line direction located in
ticity theory, in an isotropic crystal is given byE an anisotropic medium. This factor can be obtained either by
= Ay, In(RIr ) wherer . is the dislocation core radius aitis  applying the anisotropic elasticity thedhor directly by ato-
the radius of a cylinder containing the dislocation line. Themistic simulatiori®!*?%?simulating the straight infinite dis-
expression of the enerdy does not include the core energy location and fitting the strain energy stored in the cylinder of
of the dislocations, where the linear elasticity theory cannotadius R, containing the dislocation line, to the expression

IV. CHARACTERIZATION OF THE DISLOCATION CORE

be applied.

The prelogarithmic factoR, is ub?4mw(1—v) for the

TABLE Il. Expressions of the shear modulusas a function of

EJ(R)=A In(Rr))+E;, whereE, is the core energy.

Since the core energy is an integrated value it does not
give information on the shape and extension of the disloca-
tion core. This is better described by the map of differential

the elastic constants;; (Ref. 7) and the theoretical prelogarithmic displacements of neighboring pairs of atofhaNe apply
factorsAf" (eV/A) andAf® (eV/A) for the edge and screw dislo-  hoth characterizations to analyze the dislocation cores.
cations. The SW and experimental elastic constants are been re-

ported in Ref. 14.

V. DISLOCATIONS WITH b=%(1120)

Defect u AW ASP A. Prism edge
2 _c? 0.77 0.86 This pure edge dislocation lies alop@001] and its glide
Prism edgega) (1_V)121T12 plane is the{1100} plane. The core presents three stable
1 configurations that can be obtained by placing the dislocation
Basal screw(a) (CasCod V2 0.56 0.58 line in the points marked &1, P2, andP3, respectively, in
Basal edgec) S 216 224 Fig. 2. These points are the origins for the displacements
Prism screw() CZ 1.46 1.40 imposed to the atoms to create the dislocation in the initial

C44(VC11C33—Cy1p)
ug=(1-v)(yC11C33+C13)

C11(VC11C33+ C131+2Cyy)

12

configuration before the relaxation. We can see tatis

located between two closely spaced (0QIplanes whereas

P1 andP3 are located between two widely spaced planes.
Figure 3a) shows the relaxed core configuration of the

dislocation with line dislocation origin located iR2. This
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TABLE lIl. Minimum, maximum, and average bond lengths in A around each siteasfordinated channels of treeedge dislocation.
In thei/j notation, a pair digital refers to Ga-atom site and an impair digital to N-atom{s@& Figs. 3, 4, and)5The equilibrium bond
length is 1.96 A.

n work 1/2 3/4 5/6 7/8 9/10
8 Present 1.95-1.971.96 1.91-1.97(1.99 1.91-2.09(1.97 1.99-2.11(2.06 2.00-2.14(2.07
1.97-1.97(1.97) 1.91-1.95(1.97) 1.91-2.07(1.97) 1.99-2.14(2.07) 2.00-2.11(2.06
Elsneret al. (Ref. 26 1.85-1.86(1.85 1.86-1.95(1.91) 1.92-2.04(1.97) 1.94-2.21(2.06 1.95-2.21(2.11)
1.88-1.89(1.86
Leeet al. (Ref. 23 1.84+0.0 1.88-0.04 1.94-0.05 2.03-0.09 2.170.05
4 Present 1.94-2.2@.03 1.92-1.93(1.93 1.94-2.30(2.03 1.99-2.25(2.15
1.93-2.25(2.02 1.92-1.94(1.93 1.93-2.25(2.02 1.99-2.30(2.18
5/7 Present 1.92-2.2@.02 1.96-2.02(1.98 1.08-2.08(2.02 1.99-2.08(2.04
1.66-1.97(1.89 1.92-2.00(1.97) 1.98-2.08(2.02 1.99-2.08(2.04
Leeet al. (Ref. 23 1.82+0.03 2.03-0.16 2.03-0.32 2.070.02

core presents &coordinated channel structufe core with

wrong bonds. Figure(®) shows the map of differential dis-
placements of neighboring pairs of atd*hand demonstrates
that the core is spread aboua fattice parameters along the

two adjacent (10@) planes that contain th&coordinated
channel.

Figures 4a) and 5a) show the core structures of four- and
eight-coordinated channé¢lour core and eight cojecorre- location line.

spondin_g to the location of th_e line dislocatiorf-?ait andps, Although the differential displacement maps give the
respectively. The four core is characterized by four bondgpane of the dislocation core it is difficult to assign a core
practically in the same plane and the eight core has a danagijys, j.e., the radius from where the elastic theory can be
gling bond. Figures @) and §b) show that both structures applied. Figure 6 shows the enerBy stored in a cylinder of
have quite comparable displacement maps. The cores spregghjusR as a function of InR) for the case of tha disloca-
mainly in one (10D) plane although displacements up to tion in a relaxable region of 46 A of radius. For theore the

5% of the Burgers vector length are distributed over the tweslope isA;=0.78 eV/A and the curve starts being linear
adjacent planes in a region of aboua Tattice parameters. from In(R/A)=1.9 which gives a core radius of 6.7 A and a
Potin and co-workefspresented HREM images of prism core energy of 1.46 eV/A. The obtained value Ay com-
edge dislocations in GaN layers grown G801 surface of ~ pares with the theoretical values given in Table Il showing a
sapphire. They report two possible core structures, namelgoherency of the calculations, i.é\owAﬁ}"’, and validating

the four core and the eight core and claim that theore  the potential used since the discrepancy betwggand ASP
should be obtained by suppressing a row of atoms in thé about 9%.

eight core. The same conclusion was obtained after density-
functional %DF) tight-binding (TB) (Ref. 23 and ab initio
simulationé*?® and thus they refer to thé core as an
“open” core. Our results have shown that prism edge dislo-
cations can be modelled simply by imposing the elastic dis-
placements in a perfect crystal and allowing the system to
relax without any further suppression or addition of atoms.
The 2 and the eight cores are related by a climb of the dis-

TABLE IV. Minimum, maximum, and average bond angles in degree around sitesa@drdinated channels of tleeedge dislocation.
In thei/j notation, a pair digital refers to Ga-atom site and an impair digital of N-atom(sge Figs. 3, 4, and)5The equilibrium bond
angle is 109.47°.

n work 1/2 3/4 5/6 718 9/10
8 Present 94.2-108403.7 90.9-119.7(108.9 93.7-131.2(108.6  86.6-127.4(108.7 104.9-124.8109.2
91.4-107.5(102.) 93.6-117.3(109.3 95.0-131.4(108.9 86.8-127.9108.7 104.9-124.1(109.])
Elsneret al. (Ref. 26 112-118(116) 97-119 100-129 94-125 100-122
106-107
Leeet al. (Ref. 23 108.5+0.6 105.4-4.1 107.0-17.6 110.8-15.9 110.4-8.6

4 Present 85.3-139.M07.6 87.1-117.6(109.3  85.3-139.1(107.5 72.6-183.5(104.])
88.7-140.1(108.3  91.6-116.6(109.3  88.7-140.2(108.3  74.2-139.4(104.0
5/7 Present 81.3-130@07.7 106.4-118.3109.5 95.7-117.9(109.0 104.9-123.5109.2

Leeet al. (Ref. 23

98.7-137.6(108.8
114.7£0.2

97.8-121.2(108.4
106.9-13.3

98.6-117.3(109.9
109.%+12.0

104.4-124.0(109.0
110.2-8.0
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FIG. 7. (a) crystal geometry of the basal

3 . . . . screw dislocation. The dislocation lies along
o o © o (2110). (b) Projection alond 1210] of the per-
fect crystal. The closed circles represent N atoms
in A sites (respectively,B siteg of the wurtzite
lattice. The open circles represent Ga atomBin
S * o [0001] : sites (respectivelyA sites. An h.c.p. unit cell is

z o1 shown. The points marked &%, and R, corre-

. [#]
(1o l - ' spond to the origin of displacements when the
Lo 8 0o o 0o o o dislocation is introduced.

[1010]

a) ¥ [po0]

Similar studies of the total energ{e{) against InR) have  ments along the prism plane. The c&2 is located in one
been done with the other two stable cores. The slope and thgism plane whereas the coRd is distributed in two prism
core radius for both configurations was found to be the samelanes.
as expected, than for thestructure. However, the core en-  In Fig. 6, it is also shown the corresponding function of
ergy (Ec=1.72 eV/A) is 3% higher than that obtained for energy versus Iff) calculated in a relaxable region of a ra-
the 2 structure core energy. dius of 46 A for theR2 core. The slope if\,=0.59 eV/A

Tables 1ll and IV describe the changes on the bondand the curve starts being linear frommR& 1.9 which gives
lengths and angles of the atoms that form #e8, and 4 a core radius of 6.7 A and a core energy of 1.2 eV/A. As in
coordinated channels and their first neighbors. The main dighe edge case there is a good comparison betwgemd the
tortion of these dislocation configurations is confined totheoretical valuegsee Table ). The energy per unit length
+15% for bond stretching and betweer84% to+28% for  for the coreR1 is 2% higher than the energy of the c&2.
bond bending. Bond lengths and angles with atoms afthe
and 5 sites (see Figs. 3-5for the 2 and eight cores are
consistent with previous calculations of the atomic displace- VI. DISLOCATIONS WITH - b=[0001]
ments at the cor# 2% According to our calculations the A. Basal edge
core is the most stable followed by the four and eight cores . . — ] )
which cannot be discriminated since the difference in their Thec edge dislocation has {1010} glide plane and lies
energies is within the inaccuracy of the potential. along the[1210] direction. The originsS1 andS2, chosen

for the displacements of atoms when the dislocation is intro-
duced are shown in Fig. ®1 is located between two widely

spaced (1601) planes. In this interplanar space each Ga atom
The dislocation core presents two stable configuration®f one plane is linked to one N atom of the other pla®is

that can be obtained by placing the dislocation line in thgocated between two closely spaced (01planes where
points markecR1 andR2 in Fig. 7. As in the previous case, each Ga atom of one plane is linked to two N atoms of the
these points represent the origin of the displacements imgther plane.

posed to the atoms when the dislocation is introduced. We The stable core Conﬁgurations are shown in F|gs 10 and
can see thalR2 is located between two closely spacedi1. The core shown in Fig. 10 has been obtained locating the
(1010) planes whereaR1 is located between two widely dislocation line in the positioi®1. The map of relative dis-
spaced planes. The displacement maps are presented in Hgjacements shows that the core is spread on two adjacent
8. In the two cases there are displacements in both basal apdism planes along a distance of 4 Burgers vectors. This core
prism planes showing dislocation cores extended within das lower energy than the core shown in Fig. 11 that has
cylinder of a diameter of aboutadlattice parameters. The been obtained locating the dislocation line in the posifén
main difference between the two cores is in the displaceThe map of relative displacements shows that the core is

B. Basal screw

< ) o o o o a o =] o .O ‘.YO o o o < ¢} ] O *] Q o

o < o © < o < aQ Q =] 0. 0. Q < o =] (o] < a i<} ied o

.O .O _O .0 .0_ .Q\.G ‘0 ‘0 .O e ‘O .O ’0..0 .0_-"0".0 'O ‘O .0 .O

A N ~ A . S A > ~ . . .
o, 6,0, 0 e lo 0, 0, 0, 0, o 5,0 0 0 0o o0 o o o o FIG. 8. Map of differential displacements of
6 o 'o'"/)oﬁ‘fo\’?o\'o» o o o o o te TSN neighboring pairs of atoms of the relaxed core
S g 2 2o IPTROTEMEAIE . X . . -
o o, o o V;\x.\v_g:f'oxj/o o o o, o, o, o o é&rzel\q,:{étffo\,.,o..o. o cpnflgur_atlons ofthas_crew dislocation. The ori
A EEATRE N S ORI gin of displacements is located R, (8) and in
o [} © 0 a0 -G Q o o el o [} [} o o0 ~0 a [} [} © . .
: RS R AR A R; (b) according to Fig. 7.
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a) y  [o00i] b . CARL S o . As for the ¢ edge dislocationA, is 8% smaller than the

i theoretical value. The core radius, core energies and preloga-
rithmic factors of the studied dislocations are summarized in
Table V.

VII. THE ACCURACY OF THE RESULTS: COMPARISON
WITH ab initio CALCULATIONS

> y [1010]

(2110 P L In this section we compare the energy calculations with
[0001] some results reported in the literature obtainedabyinitio
. . methodgsee Table V. We note that thab initio results have
. HG'_g' (a_) crystal geometry of th? basaledge dislocation. The been obsgained in cr\3)/lstals of smaller sizes than in the present
dislocation lies along2110) and glides on 0110} plane.(b)  cgjcylation. This implies that although the calculations are
Projection along 1210] of the perfect crystal. The closed circles more precise the systems are often not fully relaxed. In order
represent N atoms iA (respectivelyB) sites of the wurtzite lattice. g compare the results we have calculated the energy of the
The open circles represent Ga atom8ifrespectively) sites. The  dislocations within cylinders of the same radius as the ones
origins of displacements when the dislocation is introduced arg;sed in theab initio calculations.
marked as5;, S;, S;, andS,. Prism screw dislocationElsner and co-workefs report
an energy of 4.88 eV/A in a cylinder of radius 8.5 A.
extended to three prism planes and spread along 4 BurgeMorthrup?’ has simulated this dislocation using first-
vectors. The slope of the strain energy for this dislocation igrinciples total energy calculations on a cylinder of a radius
calculated to be 1.99 eV/A that is about 8% smaller than thef 7.5 A and he reports an energy per unit length of disloca-
theoretical value. The core radius deduced for this configution of 4.0 eV/A. In the present simulation, when the total
ration is 8.5 A and its core energy 3.68 eV(Rig. 12. relaxable region has a radius of 46 A, the energy inside a
cylinder of 7.5 A is about 2.9 eV/A but if the relaxable
region is constrained to the cylinder of a radius of 7.5 A,
then the energy is 3.3 eV/A. The decrease of 0.4 eV/A by
Figure 13 shows the location of the different origins of increasing the size of the simulated crystal is directly related
displacements studie@1, T2, andT3) that led to the two  to the long-range relaxation that is not included in the 4.0
dislocation cores reported. Positiohd andT2 are equiva- eV/A given by Northrup. It seems reasonable to assign an

B. Prism screw

lent. error within the interval(0.3, 0.7 eV/A to the core energy
The displacement map for the core obtained fréfnis  calculated in this work.
presented in Fig. 14). The dislocation line inT1l is in a Prism edge dislocatianFirst principle calculatiorfé per-

plane of mirror glide symmetry of the crystal and the dis-formed with a supercell containing the eight-atom ring core
placements almost keep such symmetry. The map of relativgives an energy stored in a cylinder of radius equal to 8.5 A
displacements presents a core located inside a cylinder @f 2.19 eV/A. The energy per unit length of this configura-
radius 2~6.4A. This configuration presents slightly tion for the same radius with the SW potential is 1.95 eV/A.
smaller energy thai3. The second stable configurati®®  The difference of 0.24 eV/A can be partly due to the bigger
is obtained by relaxing the dislocation with dislocation line system(better relaxationconsidered in the SW model. How-
located in coincidence with the threefold axis of the crystal.ever, since this value is of the same order of the difference in
The corresponding displacement map shows a core corenergies for thé core and eight core, it indicates that the SW
strained into a cylinder of radius 5-4.8 A. We notice that model cannot discriminate which is the core of lower energy.
the radius of the relaxable region where the dislocations wergn fact, Wright and Grossn&thave calculated the formation
inserted was about 48 A and thus, it can be considered thahergy of theS and eight cores and have shown that they
the influence of the fixed outer region in the relaxation of theexhibit a pronounced dependence of the Fermi level. They
core is negligible. report that the eight core has an energy lower thar there
Figure 12 shows the corresponding function of energyin the neutral charge state. However, recent DF-TB
versus InR) for the T1 core. The slope i#o=1.35 eV/A  simulationg® present the-core structure as the most stable
and the curve starts being linear from R)=1.9 which  configuration in coincidence with our results.
gives a core radius of 6.7 A and a core energy of 2.82 eV/A. Among the factors contributing to the inaccuracy of the

. /\a - () F_IG. 10_. (@) _Core configuration§ an(:b)_ map
........ . » L_h - of differential displacements of neighboring pairs
;"_M . / 1 Jp of atoms(b) of the ¢ edge dislocation with origin
A \*%4}&‘4{ of displacements ir8, (see Fig. 9.
. "P‘ \\\— »{/ { }?——-x o . >
(10a) \"7"’_""‘(; ?*”\/)g \EDM'{ v 'O ,0 .0 '0 ° .-:::- W o
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FIG. 11. (a) Core configurations antb) map
of differential displacements of neighboring pairs
of atoms(b) of the c edge dislocation with origin
of displacements irs, (see Fig. 9.

FIG. 12. Total energy stored in a cylinder of
radiusR as a function of InR) for the c disloca-
tions.

FIG. 13. (a) crystal geometry of the prisma
screw dislocation. The dislocation lies along
[0001]. (b) Projection into(0001) of the perfect
crystal. The closed circles represent N atomA.in
sites of the wurtzite lattice. The open circles rep-
resent Ga atoms iB sites. We notice that one
closed circle superimposed one open circle and
reciprocally. The points marked ds, T,, and
T3 correspond to the origin for displacements
when the dislocation is introduced.

FIG. 14. Map of differential displacements of
neighboring pairs of atoms of relaxed configura-
tions of thec screw dislocation according to the
origin of displacements iff; (a) and inT; (b).
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TABLE V. Core radius (), core energy E.), slope @), and total energy obtained with the SW potentiﬁﬂ’) for dislocation
structures. The total energS/lFP given by first-principles calculations is included for comparison.

Type re E. Ay E3Y (eVIA) E3W EFP
Defect Core A) (eVIA) (eVIA) (R=20A) (eVIA) (eVIA)
5/7 6.7 1.46 0.79 2.38
Prism edgda) 4 6.7 1.72 0.78 2.57
8 6.7 1.72 0.78 2.57 1.95R=8.5A) 2.19(Ref. 24 (R=8.5A)
Basal screw(a) R2 6.7 1.20 0.59 1.80
Basal edgéc) S, 8.5 3.68 1.99 5.55
Prism screw(c) T, 6.7 2.82 1.35 4.3 3.3qR=75A) 4.00(Ref. 29 (R=7.5A)

4.88(Ref. 24 (A=8.5A)

#The total relaxable region is constrained to the cylinder of raRiggven in parentheses.

empirical potential there is the fact that such a potential canferent length and angles between bonds. The basal screw
not accurately describe radial and angular deformationslislocation(a type) has two stable cores with a map of dis-
simultaneousi§? and it does not consider explicitly the elec- placements extended within a cylinder of diameter about
tronic effects. Moreover, being an empirical potential, it is4a,. It presents the main screw disregistry on the prism
affected by the experimental error assigned to the fitting paplane but there are important displacements distributed in the
rameters. Even though, the comparison with #ieinitio  basal plane.

results indicates that the SW potential gives a reasonable The c edge dislocation presents two stable configurations
approximation of the energies and thus, SW is a suitablevith cores spread along the glide plane with large displace-
potential for the study of the stable atomic configurations ofments of the atoms. The screw dislocation has two stable

defects. core configurations. These cores are quite homogeneously
distributed around the dislocation line. These structures may
VIIl. CONCLUDING REMARKS favor the growing process and matches with the geometry of
) . . the open cores and nanotubes described in Ref. 6.
We have simulated dislocations of badhand ¢ Burgers The difference between the prelogarithmic factors ob-

vectors in a Cylinder of a radius of 59 A USing an empiricaltained from the linear e|asticity theorgrable ||) and by
potential of SW type. All dislocations have been generatedjmylation (Table V) can be due to the anisotropy of the
by imposing the linear elastic displacement to a perfect cryserystal. The core radius is calculated to be 6.7 A for the
tal. The structure of the core depends on the location of the.type dislocation and-screw dislocation and 8.5 A for the
dislocation line. The stable atomic structures of the dislocar-edge dislocation. The core energy is deduced to be 1.46,
tion cores have been presented. The extension and shapeb, 368, and 2.82 eV/A for the-edge a-screw,c-edge, and

the dislocation cores have been analyzed by mapping thgscrew dislocations, respectively, with an accuracy of 0.3
relative displacements of the atoms. The core radius and they/A

core energy have been calculated by plotting the strain en-
ergy contained in a cylinder versus its radius.

We found three stable configurations for the prisredge
dislocation with structures described Bycoordinated chan- The authors acknowledge the support of the (@&ntract
nels, four- and eight-coordinated channels, respectively. Thilo. HPRN-CT-1999-00040and the Spanish MCYTGrant
2 core presents, with the SW potential, the lowest energyNo. BFM2000-0596-C03-03 and they are grateful to
The four core, has similar energy as the eight core but difG. Nouet, P. Ruterana, and J. Chen for helpful discussions.
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