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and by a reductlon in the dlrect band gap. We show here how these features can be used to

dedues-quentitativcly the degree of long-range erderina g

Gag sIng sP and Ga, sIng sAs alloys.

Bulk semiconductor alloys grown at high temperatures
are nearly perfectly random On the other hand, low tem-

iven sample—Ezemples are-given for

when it is occupied by B we have ,§’,-=,+ 1. The lattice is
further broken into “figures,” each consisting of a grouping

socmtlon of hke atoms (“clustering”) or unlike atoms
(“antlclustenng ) and is seen in diffuse sca.ttering,2 Ra-

erage sp‘iri pfoducts for all figures fin a class F

degeneracy, ”° and altered polarizations” evident in
optical experiment. The present theoretical understanding
of perfectly random semiconductor alloys (e.g.,

{IIz(o)} forms an orthonormal basis; consequently, any
lattice property P(o) (e.g.; total energy, band gap) can be
expanded rigorously as
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in vapor-phase growth of virtually all III-V alloys® is an
example of the imperfect ordering: successive atomic layers
along [111] are not pure A or pure B. The degree of or-
dering depends on growth temperature, growth rates,
III/V ratio, substrate misorientation, and doping. Electron
diffraction does not provide a quantitative measure of
LRG and current—thcories do not relate—the-optical prep-
eifirs {g the degres B OiVs
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alloys with partial LRO in terms of the pro;;erti-es of (i)

tween widely separated atoms, or between many atoms
interacting simultaneously, are less important than those
between nearby pairs of atoms. In this case, it is possible to
calculate the contribution pz of the dominant interactions
from electronic structure studies of a small set of ordered
configurations.''? This set of py can then be used in Eq.
(%) to prcdxet tb&prﬂperty P(a) of-any-of the2" ordered
el anolied fn study_the
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respect to a particular ordered structure o whose compo-

t}wdne:fmﬂy randnm._alloy (IRQ pavameter u=Q) and__sition is X.. For exa_le the ordc;;@g_snucmre has

a ald. W a LA a

Gag sIng sAs system.

Our approach is based on a statistical description of
substitutional A;_,B, system in terms of Ising model.!! A
configuration o is defined as a particular occupation of
each of the NV lattice sites by either an A or a B atom. If site
{ is occupied by A we label it by the spin variable .= — 1.
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which is
(Sixm)y=(2x—1)+7 2 Sko)e™r. (3)
k0

Here § (k,0) is the Fourier transform of the spin variables

of the pverfectlv ordered structure o and the sum runs over ‘
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we first obtain the correlation functions of Eq. (1) using Ay(0) 0.100 0.35

. (4), and then insert these into the Ising model.? This (1 0.105 nis

— ——t
A == g i

. : oine A o o Acp(1) 0.31 018
To illustrate this general method, imagine a giant su A o o - o

. 7 vaiue, accorsmg to E H; Jreat ths superceﬂ as an

“ordinary” crystal with periodic boundary condition. The

total energy can be calculated using, e.g., the valence force 3 (Ag+Acp)
field (VFF)!* method. This drrect approach w111 produce Ei;3= , )]
statisticallv accurate results for Pys 5 if syfficient sites are | 3 [(Ao+Acp)’—3AoAcp] "

. ] a P . il 1 ted. The latter cap he 1s the crystal-ield splitting 1n the absence ot spin-orbit cou-
§—— A -

tE. 1r Interactions are d t. LUsin S. (1 d (4 TIOTIC,; NEIITIIOIC; Al SPITTTUIT STares, IespectIvery 24 7/
on?;laas for F—_-pal;r ﬁgeur:Smman gFas (N and ) shows that these are, in fact coupled] Ag(m) and Acg(n)
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the total energy with respect to the structural parameters.
The results are summarized in Table I. Note that in addi-
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Using Eq. (2), Eq. (5) implies that for property P,

of coordinates. This equation relates the property P at any  or the interface coherence is removed), but in the presence
degree of LRO to the corresponding properties in (i) the  of coherence with a (001) substrate, this distortion can be
perfectly random alloy at compositions x and X, and (ii) inhibited, resulting in a cubic or tetragonal film. Table I

EEE I oy ) Lo VN 'ﬂg i ?T;‘L.v i) B e = *
neglec SKU beyona tnat implie y c unrelaxe cubicC Or tetragonal) cases.

assumed LRO. We can now calculate E;,(n) vs 9 by applying Eq. (6)

We first examine the accuracy of Eq. (6) by perform-  to Ag(n) and Acg(n) in Eq. (7), using our calculated
ing direct calculations of a GaysingsP alloy with CuPt  values at 7=0 and 1 of Table I. This gives E;() as a
LRO. Such a calculation is not limited to pair interactions. power series in 7. Since no independent measurement ex-
A giant, 2048 atom supercell is occupied by Ga and In ists to indicate whether a rhombohedral distortion exists,
atoms according to Eq. (3) (the phosphorus atoms always  we present in Fig. 1 results both for the relaxed and unre-
reside at their own sublattlce) The total elasttc energy of  laxed cases: The solid lines are calculated for constrained
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21.0, 23.2, and 26.6 meV/atom, respectively. These can be While the lines of Fig. 1 represent nonempirical first-
compared with the values predicted by the simple expres- principles predictions, they can be used to infer the degree
sion (6): 20.9, 22.9, and 26.3 meV/atom, respectively, in of LRO in a given sample from optical measurements. The
excellent agreement with the direct supercell calculations. open circles in Fig. 1(a) represent the polarized photolu-

Having established the accuracy of Eq. (6) we now  minescence results of Kanata et al.’ for GagsIny sP, while
apply it to study the optical properties of semiconductor  the solid c1rc1es are the polarized electromodulatlon results
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can be described fairly well by the quasicubic model'® as sets of data. Furthermore, the value of 7 deduced from the
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in the ALE growth of Gao siIng 4gP/GaAs is probably the

1S WOT ustrates now op al CXPCIIIIIC a OC

T R T

100 Y - Sy used to deduce the degree of LRO, thus, correlating
0 i i growth conditions with LRO. It would be interesting to
-100 AE, . correlate the optically deduced LRO with that measured

> =200 - ] directly in future quantitative diffraction experiments.
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et al, (Ref. 7) for five samples grown at different temperatures, ‘while the
solid circles are the results of Glembocki et al. (Ref. 8) for three samples.
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band gap AE,=0.14 eV measured by McDermott et al'®
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