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We present theoretical results showing dependence of Poisson ratio and biaxial relaxation coefficient on
composition and atomic arrangement in wurtzite In,Ga;_,N and In,Al;_,N alloys. Our calculations reveal that
the Poisson ratio determined for In,Ga;_,N and In,Al;_,N alloys subjected to a uniaxial stress parallel to the ¢
axis of the wurtzite structure shows significant superlinear dependence on composition. The superlinear bowing in
Poisson ratio is enlarged by the effect of In clustering. The biaxial relaxation coefficient determined for In,Ga;_,N
and In,Al;_.N alloys subjected to a biaxial stress in the plane perpendicular to the ¢ axis of the wurtzite structure
changes superlinearly and linearly with z in In,Ga;_;N and InzAli_;N, respectively. The effect of In atom clus-
tering results in sublinear dependence of the biaxial relaxation coefficient in both In;Ga;_,N and In,Al;_.N alloys.

PACS: 62.20.de, 61.43.Dq, 81.40.Jj

1. Introduction

Wurtzite In,Ga;_,N and In,Al; N alloys are strate-
gic materials for use in light emitting devices. Although
remarkable progress has been made in development of
GaN-based optical electronic devices in recent years,
many fundamental properties of group III nitride alloys
and quantum structures are not yet sufficiently well un-
derstood. In particular, the influence of strain and In
fluctuations on the electronic band structure of nitride
alloys and quantum structures are still the subject of
vigorous debate [1-4]. Our recent ab initio study of the
elastic constants in In, Ga; _,N and In,Al; _,N alloys has
revealed that the commonly used Vegard-like rule, i.e.,
linear dependence on the alloy content, can be accepted
only for selected elastic constants [5]. We have also shown
that the effect of clustering of In atoms in In,Ga; _, N and
In,Al;_,N influences significantly the elastic constants
whereas it changes little the bulk modulus [5].

In the present work, we investigate Poisson ratio, v, in
In,Ga;_,N and In,Al; . N alloys subjected to a uniaxial
stress parallel to the ¢ axis of the wurtzite structure, and
biaxial relaxation coefficient, R., determined for these
alloys subjected to biaxial stress in the plane perpendic-
ular to the c axis. Particularly, we show that contrary to
the bulk modulus, the influence of In clustering is signif-
icant for the composition dependence of both v, and R,
parameters.

2. Elastic constants

Performing self-consistent ab initio calculations in
the framework of the density-functional theory [5], we

have found the following composition dependence of the
elastic constants in wurtzite In,Ga;_,N (la)—(1le) and
In,Al;_ ;N (2a)—(2e) alloys (in GPa):
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where the bowing parameters, b;;, take the values by; =
60(100), b1a = 14(43), byz = —4(—4.5), bgs = 71(—1),
byy = 16(35) for In,Gaj_.N, and by; = 80(141), bio =
8.7(47), bis = —3(—11), bss = 25(—93), by = 35(70)
for In, Al;_;N. The values of b;; not contained in brack-
ets were found for alloys with uniform distribution of In
atoms (uniform alloys) whereas the numbers in brackets
correspond to b;; in the alloys with clustered In atoms
on cation sites (clustered alloys) [5].

3. Poisson ratio

The Poisson ratio for wurtzite materials compressed
or stretched along the ¢ axis (z-direction) determines the
relationship between in-plane strain, €., and strain par-
allel to the c axis, €,,, and can be expressed by the elastic
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constants using the following formula [6]:
Cis

Vp= =18 3
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Knowledge of v, is very important for determination
of alloy film composition and thickness using high-
-resolution X-ray diffraction measurements [7]. In Fig. la
and b, we show dependence of v, on composition in uni-
form (solid lines) and clustered (dashed lines) In,Ga; N
and In,Al;_,N alloys obtained using Egs. (1)-(3). In
these figures, we have also included the curves (dotted
lines) showing dependence of v, on composition when the
Vegard-like rule for C;; (i.e., b;; = 0) is assumed. One can
see that in In,Ga;_,N and In,Al;_,N, for both uniform
and clustered alloys, v. depends superlinearly on com-
position whereas sublinear dependence occurs when the
Vegard-like rule for Cj; is taken into account. The bow-
ing of v, is significantly larger for clustered alloys than
for uniform alloys that indicates considerable influence of
In clustering on the values of v, in both In,Ga;_,N and
In,Al;_,.N alloys.

0.29 T T T T T
0zl (@)InGa N aIons/ e - ]
0027} 4 1
C06} E
c
©0.25 g
®
0024} E
o -- Vegard's-ike
0.3} / uniform alloys T
ozl - - - -clustered alloys
0.29 T Tttt
[ (b)mAI_Nalloys _--"""-._
0.28 | - L7 >
7/
© 0.27 1 - i
=
©0B+ 4
c
8 0.5} 4
no24r E
[=]
a0z T Vegard's-ike
0.2} /. uniform alloys |
021 L < - - — -clustered alloys |]
0.0 0.2 0.4 0.6 08 1.0

In molar fraction

Fig. 1. The composition dependence of Poisson ratio
in In,Ga;—;N (a) and IngAl;_,N (b) alloys. Solid and
dashed lines are used to show the results obtained for
uniform and clustered alloys whereas dotted lines rep-
resent the case when the Vegard-like rule for the elastic
constants is taken into account.

4. Biaxial relaxation coefficient

The biaxial relaxation coefficient in wurtzite materials
subjected to a biaxial stress in the plane perpendicular to
¢ axis determines the relationship between €., and e,
and can be found using the following expression [6]:
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Fig. 2. The composition dependence of the biaxial re-
laxation coefficient in In,Gai—_zN (a) and IngzAl;_,N
(b) alloys. Solid and dashed lines are used to show the
results for uniform and clustered alloys whereas dotted
lines represent the case when the Vegard-like rule for
the elastic constants is taken into account.

Knowledge of R, is crucial for determination of strain
in planar heterostructures and quantum structures grown
along ¢ axis [6]. In Fig. 2a and b, we show dependence
of R, on composition in uniform (solid lines) and clus-
tered (dashed lines) In,Ga;_,N and In,Al;_,N alloys
obtained using Egs. (1)—(2) and (4). In both figures, we
have included the curves (dotted lines) showing depen-
dence of R. on composition when the Vegard-like rule
for C;; (ie., bj; = 0) is assumed. One can see that in
In,Ga;_.N alloys, R. changes superlinearly with = for
uniform distribution of In atoms, whereas it shows sub-
linear dependence when In atoms are grouped in clus-
ters or the Vegard-like rule for Cj; is taken into account.
In the case of In,Al;_,N, R. shows linear dependence
on z in uniform alloys, whereas it changes sublinearly
in clustered alloys or when the Vegard-like rule for Cj; is
assumed. Thus, we find that similarly to composition de-
pendence of v, the In clustering influences significantly
the values of R, in both In,Ga;_,N and In,Al;_,N
alloys.

5. Conclusions

In conclusion, we have presented theoretical results
showing that Poisson ratio determined for In,Ga;_,N
and In, Al; _, N alloys subjected to a uniaxial stress paral-
lel to the c axis of the wurtzite structure shows significant
superlinear dependence on composition. The superlinear
bowing in Poisson ratio is enlarged by the effect of In
clustering. The biaxial relaxation coefficient determined
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for In, Ga; N and In,Al; N alloys subjected to a biax-
ial stress in the plane perpendicular to the ¢ axis of the
wurtzite structure changes superlinearly in In,Ga;_,N
and linearly in In,Al;_.N. The effect of In clustering re-
sults in sublinear dependence of the biaxial relaxation
coefficient in both In,Ga;_,N and In,Al;_,N alloys.
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