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Bond-length distribution in tetrahedral versus octahedral semiconductor alloys:
The case of Ga_,In,N
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Large (=1000 atoms) supercell valence force-field simulations are used to investigate the nearest-neighbor
bond-length distribution in relaxed tetrahedfzihc blende and wurtzijeand octahedralrocksal} Ga _,In,N
alloys. We find that, due to the rigidity of the octahedron, the distribution of each anion-cation bond length in
rocksalt alloyshas two contributions: unrelaxed bonds and relaxed bonds. These two peaks have a large width
and overlap slightly, leading to a broad nearest-neighbor distance distribution. On the other hand, the anion-
cation nearest-neighbor distribution #inc-blende alloysan be decomposed into a sum over four closely
spaced and sharp peaks associated with different clusters, leading to a narrow, single-peaked nearest-neighbor
distribution. Finally the wurtzite alloys exhibit bond-length distributions that are very similar to the corre-
sponding ones in the zinc-blende alloys, leading to a nearly identical strain energy in random zinc-blende and
wurtzite alloys.[S0163-182607)04045-9

[. INTRODUCTION the nearest-neighbok-C and B-C bonds in an octahedral
alloy are all parallel or perpendicular to the octahedral axis.
When anA;_,B,C alloy is formed from lattice mis- Displacement of & atom from the center of the octahedron
matched constituent&C and BC, its lattice constani(x) towards a given vertex occupied by say,Aaatom, shortens
tends to be close to the composition-weighted average valugkat bond, but, to first order, does not change the length of
(Vegard’s rulg, but the individual bond lengthR,-(x) and  the otherperpendicularbonds which remain “unrelaxed.”
Rgc(x) remain distinct? This tendency has been studied Thus, this “rigidity” of the octahedral alloy could lead to
extensively forzinc-blende alloysand is now well under- two types of A-C bonds: “relaxed” and “unrelaxed.” On
stood in terms of atomistic relaxation modétd! In these the other hand, the tetrahedral lattice is more “flexible” in
models, atoms are displaced from their lattice sites so as tthat a shift of the tetrahedron-center€datom towards a
minimize the strain energy that results from the differencevertex leads to a change afl of the nearest-neighbor tetra-
between the actual bond lengtRg- andRgc and the ideal hedral bond lengths. This simple geometric difference could
bond lengthsR3 . and R§., as well as from the difference have significant effects on the bond-length distributions be-
between the actual bond angl®sand the ideale.g., tetra- tween an octahedral alloy and a tetrahedral alloy. Indeed we
hedra) bond angle®®. Due to the topological frustration of find that (i) the bond-length distribution in rocksalt alloys
common crystal configuratiotd,a complete relaxation to can be decomposed into two peaks £iC bonds and two
reachboth ideal bond lengths and ideal bond angles is usupeaks foB-C bonds. These two peaks overlap slightly, lead-
ally not possible. In fact, there are only two ordered adamaning to a broadA-C (B-C) anion-cation nearest-neighbor dis-
tine structures, where diamondlike constituents can attain thgibution, while (i) the A-C (B-C) bond-length distribution
ideal bond configurations—the zinc-blende structure and thé zinc-blende alloys can be decomposed into a sum over
RH1 structuré? Thus, in general, the alloy system relaxesfour closely spaced sharp peaks, leading to a single-peaked
into a “compromise structure,” exhibiting distributionof  A-C (B-C) anion-cation nearest-neighbor distribution.
bond lengths and angles around the ideal values. Experimen- Qur interest in the bond-length distribution wiurtzite
tal measurements show that zinc-blende alloys exhibit bi- alloys is based on the following consideration: If the bond-
modal anion-cation bond-length distribution, with only onelength distribution in wurtzite alloys is significantly different
type of A-C bond and only one type @-C bond. Further-  from that of zinc-blende alloys, the corresponding strain en-
more, experiment shows that with respect to the bond lengthérgies would differ too. In extreme cases, this difference
R3¢ and R3¢ of the end-point constituents, R3.=R3:  could reverse the order of stability of zinc blende vs wurtzite
then RAC(X)>RXC and RBC(x)ngC. in the alloy relative to pure constituents. Indeed, in a recent
In this paper we investigate the magnitude and distribucalculation, Van Schilfgaarde, Sher, and CHefind that
tion of bond lengths imocksaltandwurtzitealloys and com-  zinc blende Ga ,In,N alloys have a significantly lower for-
pare them with the corresponding quantities in zinc-blendeanation energy than the corresponding wurtzite alloys, de-
alloys. Our interest in rocksalt alloys stems both from recenspite the fact that the stable ground-state structure of the pure
measurements on such systeffig®and from an interesting constituent§GaN and InN is wurtzite. This intriguing find-
geometric difference between a tetrahedral alloy and an odnhg could have an important implication on crystal growth of
tahedral alloy that could have a consequence on bond-lengtia _,In,N alloys. Our calculations suggest, however, that
distribution. To see this difference, note that wherand B the finding of Ref. 17 reflects the limited size of their super-
atoms(“mixed sublattice”) are located at their lattice sites, cell, and that using larger supercell leads to a bond-length
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TABLE I. Probabilities of finding different octahedral clusters
n=0, i=1 n=1, i=1 and bonds in a rocksah,_,B,C alloy [see Eq.(2) and text for
complete definitioh The 10 different clusters are shown in Fig. 1.

Os
A
Cluster 0.i) p(ni)  wge(ni,j=1) wge(n,i,j=2)
C
AsBo 0,9 1 0 0
o AsB, 1,9 1 0 1/6
n=2, i=1 n=2, i<2 A,B, 2,9 1/5 2/6 0
® A,B, 2,2 4/5 0 2/6
A;B; 3, 3/5 2/6 1/6
AsB; (3.2 2/5 0 3/6
A.B, 4,0 1/5 4/6 0
A.B, 4,2 4/5 216 216
® A.B: 5,0 1 4/6 1/6
n=3,i=1 n=3, i=2 AyBg 6,1 1 6/6 0

B

relaxations at the dilute limits of octahedral and tetrahedral
alloys. In Sec. IV B, we will present a simulation that per-
mits A, B, as well asC atoms to relax simultaneously, and
includes bond bending.

The M-fold coordinated alloygsM =6 for octahedral al-
n=4, i=1 n=4, i=2 loy, andM =4 for tetrahedral alloycan be decomposed into
C-atom centered\,,_,B, clusters (6=n<M). For random
alloy the probabilityP{(x) of finding Ay,_,B, cluster is
equal to

P () =(Mx"(1—x)M", 1)

B

There are also two other probabilities to consider: the prob-
ability p(n,i) of finding symmetry inequivalent configura-
tions i in the Ay_,B, cluster, and the probability
wgc(n,i,j) of finding ajth-type B-C bondR} in configu-
rationi in the Ay, _,B,, cluster. The total probability of find-
ing RL(x) in an alloy with compositiorx is then given by

n=5, i=1

j _ Myyn/1 _ w\M—n H HEH
FIG. 1. The 10 symmetry inequivalent geometriesi] in a Pgc(X) ; ()X"(1=x)"""p(n,i)wgc(nii,j). (2)

rocksaltA; _,B,C alloy. i denotes the possible configurations inside

As_,B, clusters. A similar expression holds foh-C bonds.
distribution and a strain energy nearly identical between A. Octahedral alloys
zmc—blende and wurtzite aIons._Hence, .the ground state of | gctahedral alloys, the bonds are either parallel or per-
the alloy is the same as that of its constituents. pendicular to each other. To first order in the changes in the
bond length due to the displacement of the octahedron-
Il. ANALYSIS OF BOND-LENGTH DISTRIBUTION centeredC atom, there are only two types 8-C bonds:j
IN OCTAHEDRAL vs TETRAHEDRAL ALLOYS: =1, where the bond is unrelaxed, ajw 2, where the bond
A SIMPLE MODEL is relaxed. They are equal to
To shed some light on the problem of bond-length distri- RLl(x)=a(x)/2,
bution in octahedral vs tetrahedral alloys, we first simplify
the problem so that an analytical solution can be obtained. In R RO
A : i=2 a(x) BCT Mac
this simple model, we restrict the aton’s and B of Rgc (X)= 5 ax) 3

A, _B,C to be positioned at their fcc sites and allow only
the C atoms to relax to their minimal energy positions. We There are ten symmetry-inequivaleA_,B, clusters (0
minimize the strain energy which is assumed to be propor<n=6) in octahedral alloys, as shown in Fig. 1. Their prob-
tional to [RAC(x)—R,Cic]2 and [RBC(x)—RgC]Z, where  abilities p(n,i) and wgc(n,i,j) are given in Table I. Equa-
Rac(X) [Rec(X)] is the A-C (B-C) bond lengths at compo- tion (2) (with M=6) gives then the following statistical
sition x, andRS . (R$) is the “ideal” bond length in pure probabilities for finding the two types of bonds of E):

AC (BC). We neglect bond bending. A similar model was =1 5

assumed by Shilet al. in Ref. 4 to predict the bond-length Pec (X)=X%,
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PEZ()=X(1=x). @
Similarly, for the A-C bonds,

Rict(x)=a(x)/2,

i_p, . ax) Rgc_Rgc)
Ric(¥)=——|1- ax) ©)
and
Phci(0=(1-%)%,
PL2(X)=x(1—x). (6)

Note that at the dilute limitge.g., a singléA atom replac-
ing aB atom in aBC host crysta), the only possible clusters
are(n=5,i=1)or(n=6,i=1) in Fig. 1. In this dilute limit,
a(x)/2 is nearly equal tcRgC, and theAC bond length is
determined by Eq(5) with j=2, i.e., RiZ—R%: =(RS¢
—R8c)/2. This result was found in Ref. 4 at the dilute im-
purity limits of rocksalt alloys.

B. Tetrahedral alloys

Ill. SIMULATION METHOD

To study the bond distribution in Galn,N, we have
performed simulations using the valence force-fieltFF)
model!®1° The total energyEygr is given by

3 3
Evee=>, ——o— @i[Ri-Ri—(R)?)%+ >, ——5=5 Bii
VFF EI 8(Rio)2 a|[ i-Ri—( |)] (%) 8RiOR(k) :8(|,k)
X[R;-Ry—R'R{ cosO] 12 (9)

where the first sum runs over all the nearest-neighbor bonds
R; and the second sum runs over all the bond angles formed
betweerR; andR, around each atonRiO is the equilibrium
interatomic distanceegyk) is the ideal bond angley; and
By are the bond-stretching and the bond-bending force
constants, respectively. When fitted to first-principles calcu-
lations, the VFF method has been found to be accurate in
predicting bond lengths in semiconductor allfy$We used

the bond-stretchin@w) and bond-bendin¢B) force constants
derived from first-principles calculatioffs for GaN («
=96.30 N/m andB=14.80 N/m) and InN (a=79.20 N/m

and 8=14.10 N/m.?%?2 For rocksalt and zinc-blende alloys,
the random alloy is mimicked by a 1024-atom ‘“special
quasirandom structure(SQS for which the fcc-mixed sub-
lattice has the same pair-correlation functions as the random

In tetrahedral alloys, the bonds are not orthogonal to eachlloy for the first eight neighbor shells. For the wurtzite al-

other. Thus, a displacement of the tetrahedron-cent€red
atom leads to a bond length change af the nearest-

loys, we use an 864-atom supercell and randomly occupy the
mixed sublattice by Ga and In atoms for a given composi-

neighbor bonds in the tetrahedron. There are only five symtion- We also assume that the pure wurtzite compounds have

metry inequivalent cluster8,_,B,(0=<n=<4) in tetrahedral
alloys, corresponding to the five different possilble The

probabilities have simple expressiong(n,i)=1 and
wgc(n,i,j)=jM4 (j=n=0, 1, 2, 3, and # This leads tdour

typesof B-C bonds with

j V3 4-1 o 0
Rec(®)= 7 a(X)+ —~ (Regc=Rac),

Phe)=(¥(1-x)*1 7. @

Similarly, for the A-C bonds,

i _v3 R 0
Rac(X)= Y a(x)— 4 (Rec—Rao):

. 4 4=
Phc(¥)=()x(1-x)*T —=. 8
Equations(3)—(8) will serve to analyze the trends in the
simulated results.

Note that at the dilute limitée.g., a singleéA atom replac-
ing aB atom in aBC host crystal, the only possible clusters
are j=4 or j=3. In this dilute limit, (/3/4)a(x) is nearly
equal toR%C, and theAC bond length is determined by Eq.
(8) with j=3, i.e., RhZ—R%:=(R3.—R%0)/4. This result
was found in Ref. 4 at the dilute impurity limits of tetrahe-
dral alloys.

an idealc/a axial ratio (equal t0\/8/3=1.633 and an ideal
internal parameteu (equal to 0.375 so as to conserve the
exact tetrahedral environment. In factia and u in both
wurtzite GaN and wurtzite InN differ only slightlfby less
than 1% from the ideal value&® leading to only a small
VFF energy difference between théa andu relaxed struc-
ture and the structure with ideal values. This difference is 0.9
meV/atom for pure GaN and 1.4 meV/atom for pure InN.

The simulations are performed for three different compo-
sitions: x=0.25, 0.50, and 0.75. For all structures and com-
positions, the lattice constant is assumed here to vary linearly
as a function of the compositior, as actually found for
Ga _,In;,N in first-principles local-density-approximation
(LDA) total-energy calculation®'

IV. RESULTS AND DISCUSSIONS

A. Unrelaxed cation sublattice:
Octahedral vs tetrahedral alloys

We first simulate the random GalIn,N alloy by fixing
the cation positions on the ideal lattice sites, letting only the
commonsublattice (i.e., the anion sublattice in that case
relax. This allows us to compare the results of the simulation
with the analytic expectations of Sec. I, which made this
assumption.

Figures Za)—2(c) show the bond-length distributions for
octahedral rocksalt structure fgr=0.25, 0.50, and 0.75, re-
spectively, while Figs. @)—2(f) show the corresponding re-
sults for cation-unrelaxed zinc-blende alloys. As expected
from Sec. I, the rocksalt alloys exhibit two peaks fach
bond (Ga-N or In-N, while the zinc-blende alloys show, in
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FIG. 2. Histogram of the bond-length distribution in the unre-  FIG. 3. Histogram of the nearest-neighbor bond-length distribu-
laxed cation lattice Ga ,In,N alloys. (a), (b), and(c) pertain to  tion in thefully relaxed Ga_,InyN alloys.(a), (b), and(c) pertain to
rocksalt alloys, forx=0.25, 0.50, and 0.75, respectively, for which rocksalt alloys, forx=0.25, 0.50, and 0.75, respectivelg), (e),
two different peaks can be seen for each cation-anion hainde), and (f) concern zinc-blende alloys. The results for the wurtzite al-
and (f) concern zinc-blende alloys, for which four distinct peaks loys are also indicated itd), (e), and (f) by the thick solid lines.
exist for each bond. The upper part of each panel corresponds to tHéhe upper part of each panel corresponds to the Ga-N bond, while
Ga-N bond, while the lower part corresponds to the In-N bond. Thehe lower part corresponds to the In-N bond. The vertical dashed
vertical dashed lines indicatérom left to right the values of the lines indicate from left to right the values of the ideal bd%%laN,
ideal bondR2,,,, the composition averaged “virtual lattice” bond the composition averaged “virtual lattice” bor{@quala(x)/2 in
[equal toa(x)/2 in rocksalt alloys and te’3a(x)/4 in zinc-blende  rocksalt alloys and/3a(x)/4 in zinc-blende alloyk and the ideal
alloys], and the ideal bon®?,, respectively. bond R, respectively.

B. Relaxed cation and anion sublattices:

general, four peaks for each bond. For the rocksalt alloys we Rocksalt vs zinc blende vs wurtzite

found that the unrelaxed bond pealfs=(1) occur exactly at W dv the eff f 1 . blat |
the position given by Eq$3) and(5), while the relaxed bond V€ Now StLIJI yt E effect of t eI cation SI‘“ attice re axr;
peaks {=2) occur at a position differing by less than 0.03 A gtlogsl, asthwg_ ta'f) tt_e ar|1:|_0n sug attr:ce retﬁxagonz Ion tthe
from its values given by Eq¢3) and(5). This small discrep- i(;rt]rit-)jtri]c?n i Irsogklsjall(t)nén dlgztijgi-ble?\ d(()awgalneN 0a?|0- gng
ancy between the simulated results and the analytical predi«’%r “—0.25. 0.50. and 0.75. when all the atorr;(s are gll(;wed
tions reflects the competition between the bond stretchingg0 move. frém.théir ideai pc;sitions The results for wurtzite
and bond bending absent in our analytical model. Furtherétructures are also shown in Fig 3 as solid lines
more, the broadening of the simulation peaks relative to the As previously noticed! the bo'nd—length distribthion for
analytical expectations of a single value for each type of ’

) : an A-C bond in a zinc-blendd; _,B,C alloy looks single-
bond lengthsee Eqs(3) and(5)] is partly due to this com-  neayed when all the atoms are allowed to relax. In fact, by

petition ant_j partly due t_o higher-order terms which are als‘keeping track of the bonds belonging to each peak displayed
peglected in the analys!s“of Sec. Il. On the other hand, thg, Figs. 2d)—2(f), we find that the Ga-NIn-N) bond-length
integrated peak probabilities of the two types of Ga-N andyistribution can be decomposed into the sum over the four
In-N bonds areexactlythose given by Eqg4) and(6). peaks mentioned in Sec. Il B, also for the cation and anion-
For the tetrahedral zinc-blende alloys, the simulated peakglaxed alloygsee Fig. 40)]. However, when all the atoms
positions differ once again slightlyoy less than 0.03 A can move, these four peaks are very close to each Gtlgpr
from their simple prediction$Eqgs. (7) and (8)], while the  they differ by 0.02 A for In-N bonds at=0.50, and have a
integrated probability follows exactly Eqér) and(8). small width(e.g., around 0.02 A for In-N bonds &t 0.50),
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FIG. 4. Decomposition of the histogram of the nearest-neighbor GaN  Indium composition  InN
bond-length distribution into a sum over two peaked distributions in
the fully relaxed GgsgdnosgN rocksalt alloys(a) and into a sum FIG. 5. Dependence of the average nearest-neighbor distance

over four peaked distributions in thielly relaxed GgsgngsgN [Eqg. (10)] as a function of the indium composition in the fully
zinc-blende alloy€b). The upper part of this figure corresponds to relaxed rocksalt and zinc-blende Galn,N alloys. The open sym-
the Ga-N bond, while the lower part corresponds to the In-N bondP0ls correspond to rocksalt alloys, while the filled symbols corre-
Each peaked distribution is indicated by means of a thick solid lineSPond to zinc-blende alloys. The circles correspond to the Ga-N
bond length, while the squares correspond to the In-N bond length.
leading to a sharp bond-length distribution appearing single- ) o )
peaked. Furthermore, the integrated intensity is equafies ~ P0Nnds than in the distribution of the longest bonds. This fact
the In-N bond, and to (£ x) for the Ga-N bond, as it should May be consistent with the recent x-ray-absorption fine-
be at compositionx. We can also define theeighted aver- structure(XAFS) measurements of Wang and BunKere-
age nearest-neighbor Ga-N bond length as porting two dl_stlnct Pb—_S nearest-neighbor bc_)nd lengths,
while only finding one single Pb-Te nearest-neighbor bond
_ 1 A length in rocksalt Pbs , Te, alloys.
Rean=r > Rean: (10 As shown in Fig. 5, the weighted average nearest-
' ' neighbor bond length&®g,.y and R,y are closer to their
where the sum runs over tm different Ga-N bond®y,,  ideal bulk values in the zinc-blende alloy than in the rocksalt
existing in the histograms displayed in Fig. 2 or 3. A similar alloy having the same composition. This is due to the fact
definition holds for theweighted averagaearest-neighbor that the bond relaxation in rocksalt alloys is less complete
Ri..y bond length. For each composition, we find tRag,,  thanin zin.c—bllc.ende alloys: Fig. 3 shows that in the rocksalt
andR,, in cation- and anion-relaxed zinc-blende alloys are@!l0ys, @ significant number of bonds are tqtglly unrelgxe?,
almost equal(by less than 0.025 Ato the corresponding €+ they have the composition a_lver_aged V|_rtual lattice
weighted average bond lengths in cation-unrelaxed zincPond lengthcf. Egs.(3) and (5) with j=1]. This lack of
blende alloys. relaxation in rocksalt alloys is consistent with observations
On the other hand, as shown in Figéa3-3(c) the distri- of Ref. 14 reveaI|r_19 that the average Rb-Br and Rb-CI
butions of the different Ga-Nor In-N) bond lengths irrock- nearest-neighbor dlstancgs determined by XAFS_ are sepa-
saltalloys do not overlap strongly, so in some cases one sed@ted by less than 0.05 A in the RoBxCly alloys, while the
two distinct peakgsee, for example, the Ga-N bonds for nearest-nelghbor bond lengths of the two end points RbBr
=0.25 and 0.75 In fact, we find that, as in the case of cation @hd RbCI differ by about 0.15 A.
unrelaxed rocksalt alloys, the bond-length distribution for
any composition and for both Ga-N and In-N bonds can be C. Strain energy of random alloys: Wurtzite vs zinc blende
decomposed into the sum over the two different peaked dis- |n a recent study, Van Schilfgaareéé al'” calculated the
tributions mentioned in Secs. Il A and IV fsee Fig. 48) for  gjjpy formation enthalpies\H(x) for random GgagnggN.
x=0.5]. Furthermore, the weighted average nearest-neighbofhey have chosedgBgN;¢ supercells to represent random
Ga-N (In-N) distance differs by less than 0.02 A betweenyyyrtzite and zinc-blende alloys. In their 32-atom wurtzite
fully relaxed and cation-unrelaxed results. However, in thesypercell, the lattice vectors are two times larger than those
fully relaxed case, the width of the peaks becomes largepf the primitive cell of the wurtzite structure, while they used
(e.g., around 0.07 A for In-N bonds at=0.50, and the 4 (111)-shaped symmetric unit cell for the 32-atom zinc-
relative positions of the two peaks become clogeg., they  plende supercell. They relaxed the lattice parameters and

differ by 0.04 A for In-N bonds ax=0.50 than in the cell-internal coordinates via a tight-binding method, and
cation-unrelaxed case. This explains the large spread of th&aluated the formation enthalpies

nearest-neighbor distance distribution observed in Fig. 3. We

also found that these two peaks are more distant and sharper AH(X)=Ega_ inn—XEnn—(1=X)Egan 11

for the short Ga-N bonds than for the longer In-N bonds: for

example, atx=0.50, the two peaks have a width equal toat the relaxed geometry using the full-potential LMTO
0.05 A and a mutual distance of 0.05 A for Ga-N bonds,method. For Ggglng N they find AH35=49 meV/atom for
while they have a width of 0.07 A and a mutual distancethe zinc-blende structure, antH32,=69 meV/atom for the
around 0.04 A for In-N bonds. As shown in Fig. 3, it is thus wurtzite structure. The weighted energy difference between
easier to see the two peaks in the distribution of the shortegtinc-blende and wurtzite structures for the constituents,
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57 W2 () = X[ Effy— Epnd] + (1~ ) [ESoy— E&R, V- CONCLUSION
(12

is +11 meV/atom atx=0.52° while the formation energy
difference AH,z—AHy,; is —20 meV/atom forx=0.5.

In summary, via an analytic model and large supercell
(864-1024 atomsVFF simulations, we investigated the

Thus, their results suggest that for the 50%-50% alloy, th garest-neighbor bond—le_ngth distribution in tetrahedral
zinc-blende phase imore stablehan the wurtzite phasgy zinc-blende ~and wurtzile and octahedral (rocksal}
around 20-11=9 meV/atom, despite the fact that the end- C&-xINN alloys. L

point constituents prefer the wurtzite structure by 11 We found that, due to the rigidity of an octahedrithe
meV/atom® To test whether such an alloy stabilized zinc- Ponds are either parallel or perpendicular to each gthies

blende phase of GalnysN can be obtained, we have com- Ga-N (In-N) bond-length distribution in rocksalt alloys can
puted, via the VFF approachH32 and AH32, using the be decomposed into a sum over two different peaked distri-

same 32-atom supercells as in Ref. 17. We found foloutions: the first distribution corresponds to unrelaxed bonds
GaydngN: AH32=36 meV atom andAHZ2,=55meV/ while the second distribution corresponds to relaxed bonds.
atom. The VFF energy difference 19 meV/atom, and is When both cations and anions are allowed to relax, these two

thus similar to the LDA energy difference of Peaks have a large width and overlap slightly, leading to a
— 20 meV/atom. However, when we increase the supercelfrge spread of the nearest-neighbor distance distribution. On
size to achieve better statistics by using the large supercell§€ other hand, the Ga-ih-N) nearest-neighbor distribution

described in Sec. Ill, we findH,5=+38.3 meV/atom and N fully relaxed zinc-blende alloys can be decomposed into a
AH,y,=+38.2 meV/atom. The formation energy due toSum over four peaks associated with different tetrahedral

strain is now nearly identical in random zinc-blende andclusters. These four peaks are close to each other and have a
wurtzite alloys. This is consistent with our observation Much smaller width than those of the rocksalt alloys, leading
shown in Fig. 3 that the bond distributions in zinc-blendet® @ sharp Ga-N(in-N) nearest-neighbor distribution and
alloys and wurtzite alloys are nearly identical. For the twolooking likesingle-peaked. Finally the wurtzite alloys exhibit
other compositions investigated in this study, the wurtzite?0nd-length distributions very similar to those of zinc-blende
and the zinc-blende phases also have nearly identical form&/0ys, leading to a nearly identical strain energy in random
tion energies: AHy,—AH,s=—0.4meV/atom and Zinc-blende and wurtzite alloys.
—0.6 meV/atom, fox=0.25 and 0.75, respectively.

We thus conclude that the stabilization of about 9 meV/
atom of the zinc-blende phase with respect to the wurtzite ACKNOWLEDGMENT
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