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Spontaneous CuPt-like ordering of Ga,In,-,P causes a splitting at the valence band maximum 
(VBM) and induces an anisotropy in the intensities of the transitions between these split VBM 
components and the conduction band minimum. We calculate these intensities as function of 
ordering parameter 7, and show that the transition intensities depend strongly on the light 
polarization i and the degree of long-range order 117 in the sample. Furthermore, for sufficiently 
ordered single-subvariant sample, 100% spin polarization of emitted photoelectrons is predicted. 

Spontaneous CuPt-like ordering of Ga,Int-,P has been 
widely observed in vapor phase growth on GaAs (001) 
substrate.’ The ordered phase consists of alternate cation 
monolayer planes Ga,, ,,zIn, -x-(,r,2) and Ga,- ,+&ii --Y+ ,,,z 
stacked along the [ill] or the [lil] directions (known as the 
two CuPts subvariants), where 0s 7~1 is the long-range or- 
der parameter.’ Perfect ordering (v=l) corresponds to suc- 
cessive planes of pure Ga followed by pure In, etc. This type 
of ordering was predictedZv3 to cause a splitting at the valence 
band maximum (VBM) and a lowering of the band gap rela- 
tive to the random alloy. These effects have been observed in 
electroreflectance,“‘5 polarized photoluminescence, and po- 
larized piezoreflectance.7 However, quantitative analysis of 
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these experiments requires be obtained. 
Neglecting mixing between valence and conduction 

states, the VBM states for (7 11) ordering can be described by 
the 6X 6 Hamiltonian: 

0 A so 

0 - iASO 

iAso 0 

0 0 -As0 0 A”+iASo A0 

0 0 I iASO AC'- iASO 

AS0 iAso 0 A0 

0 -A0 

-A0 0 

(1) 

In this representation all four 3X3 blocks contain the spin- 
orbit elements, while the two diagonal 3X3 blocks also con- 
tain the elements for (ill) ordering. If the film is not lattice 
matched to the substrate, an additional strain term, neglected 
here, has to be added to the diagonal blocks.’ Here, 
A’( r]) = $AO(l) is the crystal field splitting due to orderi& 
and As0 is the spin-orbit splitting. For Ga,,In,,P, we 
calculated’ A”(v= 1)=0.20 eV and Aso=O.10 eV. The ei- 
genvalues and eigenvectors of the valence states can be ob- 
tained by solving Eq. (1). The three spin-degenerate energy 
levels (in decreasing order) El(lY4v,5u), Ea(l?,& and 
E3(r&,) {shifted by ~A~O+AO(~)~~ are 

Et(g)=$ASo+Ao(~)], 

E2( q~)= +$,/[ASomt A’( ~)]2-$AsoAo( v), (2) 
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For the random squared 
ru,c=[(&]Hint] $,)I” I(?c]Ht,,(‘P~)]2, where Hint is the inter- 
acting Hamiltonian. For linearly polarized light along the 
[I, m, n] direction we have Hi,tcclx+ my + nz, while for. 
circularly polarized light 2 with angular momentum paral- 
lel and antiparallel to z’ we have9 Hinter’ +- iy ’ . In general, 
for polarized light Hint can be expressed as a linear combi- 
nation of” rp=-n, y, or z. The transition matrix elements 
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