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Thermodynamic instability of ordered (001) A1GaAs2 in bulk form

Rita Magri and Alex Zunger
Solar Energy Research Institute, Golden, Colorado 80401

{Received 4 June 1990)

Recent tight-binding calculations of bulk electronic total energies by Koiller, Davidovich, and
Falicov (KDF) [Phys. Rev. B 41, 3670 (1990)] indicated the tendency for Al, „Ga„As alloys to
form ordered structures. The stablest structure they predicted was the monolayer
(AlAs), (GaAs), [001] superlattice, which was recently observed in homogeneous vapor-phase
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compounds was obtained by applying a four-orbital
(s + 3p ) per atom nearest-neighbor tight-binding
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yielding the mixing enthalpy of the alloy,

bH' '(x)=NQ Dk (2x —1) Jk
k, m

(12)

which is depicted in Fig. 1(a) by the dashed line. We see
that the tight-binding calculation predicts that all of the
ordered
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TABLE III. Breakdown of the pseudopotential formation enthalpy hH(S;) [in units of meV/(4
atoms)] into the band-structure term and an interelectronic term; see Eq. (17). The results are con-

verged with respect to the k-point sampling.

Energy
terms

Ag 2e, (k)
j, k

AE„
AH

CUAU

S9
AIGaAs&

10.93

2.81
13.74

CUPt
S8

AlGaAs&

9.60

1.14
10.74

I.12

AIGa3As&

5.49

4.93
10.42

I.12

S4
A13GaAs4

5.93

4.23
10.16

Chalcopyrite
A1GaAs2

12.93

0.57
13.50

(iii) Trends (i) and (ii) are already evident from the ex-
cess band energies [first term in Eq. (17)];while the excess
interelectronic energy is significant, it does not reverse
these trends.

We next predict the energies of all other structures

I S; } considered by KDF by applying the cluster-
expansion technique to the pseudopotential results.

B. Statistical mechanics using the pseudopotential
formation enthalpies

Jo, i 5 2811~ J» = 0 0119

while



1590 RITA MAORI AND ALEX ZUNGER 43

D. Other intersemiconductor compounds

Tight-binding calculations that are analogous to those
shown in Fig. 1(a)





1592 RITA MAGRI AND ALEX ZUNGER

B. I. Min, S. Massidda, and A. J. Freeman, Phys. Rev. B 38,
1970 (1988)~

D. M. Bylander and L. Kleinman, Phys. Rev. B 38, 7480
(1988).

~ L. M. Falicov, in .Recent Progress in Many-Body Theories, edit-
ed by E. Pajanne and R. F. Bishop (Plenum, New York,
1988), Vol. 1, p. 275.

~oR. N. Euwema, D. J. Stukel, and T. C. Collins, in Computa-

tional Methods in Band by
(J.)Tj
ET540
/Xi8 8.41 Tf
194.78 701.44 Td
((F.)Tj
ET5BT
33i8 8.41 Tf
184.44 650.89 Td
(Bi54al)Tj
ET8 1198 Tf
14ana5.89 640.78 Td
(1and)Tj
E3/XiXi8 8.68 Tf172.89 701.56 Td
(A.)Tj
ET367T8 1198 8.68 Tf185.22 701.56 Td
(ET
Tj
ET
7
ET
BT98 8.68 Tf5.33 631 Td
(N.)T7
ET
BT
3
BT1XiXi8 8.68 TfWiTf
am2.22 701.44 Td
(innum,)T4i8 9.0Xi8 1Xi8 7.82 Tf
253.78 651.22 Td
(Newd)Tj
4Tj

/Xii8 8.68 Tf276 651.11 Td
(York,)Tj
ET48j

/Xii8 98 Tf
2f
65.89 640.78 Td
(19883op)T50BTXi8 1Xi8 7.
85189.56 641.11 Td
(VolTj
ET530ET
BT98.8 Tf
1126.22 641.22 Td
(27)Tj
ET5BT
/Xi89.76 Tf
63BT
67 631.11 Td
(C.)T5)Tj
ETT
/Xi888 Tf
2'185.22 701.56 Td
.)GRI)Tj3ET
/Xi8 8.98 Tf
2Ourmaz.11 650.33 Td
(by)wd


