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Band structure and stability of zinc-blende-based semiconductor polytypes
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Using a first-principles generalized one-dimensional Ising model we have studied the band structure and
stability of two types of zinc-blende-based polytype series: type-a Galnétype-b CulnSe The interaction
parameters for the formation energy are found to be short range, while the convergence is slower for the
band-gap and conduction-band energies of the type-a Galniiptypes. We predict that the CuAu-like phase
can coexist in nominally chalcopyrite CulnSend Culn$, while such coexistence is less likely in CuGaSe
We also predict that type-Il band alignment can exist between different ordered type-a, Galyfypes,
despite that the band alignment between ordered and disordered,Gaénpredicted to be type I.
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A;-,B,C semiconductor alloys grown epitaxially on and spatially indirect interband transitions in chemically ho-
(001) substrate often exhibit atomic orderihgnanifested, Mogeneous and highly ordered compouHtis®
e.g., by the CuPt-like structifgFig. 1(a)]in A"B"CY com- We discuss here two classes of polytypes for the 50%-
pounds (Galnk AllnAs,, and GalnAg), and by the chal- 50% compoundsABGC,. Unlike the well studied case of
copyrite structur [Fig. 1(c)] in the A'B'“C‘z" compounds hexagonal/cubic SiC and ZnS poly_typ’@shere we discuss _
(CulnSe, CulnS,and CuGaSg. Unlike classic cases of the case of pure fcc polytypes. Figure 2 shows the basic

i 7 . 001 atomic plane from which the two polytypes are con-
long-range order_ In metallurglc_:al systems, ser_mconductor tructed. For both planes, a uniform shift of the planerby
often show surprisingly a coexistence of domains of a feW5(1/2,1/2,0)a is equivalent to the permutation &fto B. In

types pf ordered structure§ in the same sgmple. For <'ax.amplfﬁe type-a plandFig. 2a)], the A and B atoms form alter-
epitaxial s_ample_s of n_ommally chalcopyrlt_e CUI;n&hlb't nating lines along thgl10] direction. The polytypes that can
electron diffraction evidenCeof the CuAu-like[Fig. 1(d)]  pe constructed by stacking the type-a plane on an fcc lattice
ordered phase. Also, nominally CuPt-like Gajnsamples include the CuPfFig. 1(a)] and the YZFig. 1(b)] structures.
have been suggested to contain a Y2-like ph@s@. 1(b)],  All the type-a polytypesABC, contain equal numbers of
antiphase boundarig&\PB) on the(001) planesfi and “ori-
entational superlatticed’with periodically alternating111)
and (111) ordered subvarianfs’ Such samples with mixed
ordering domains often exhibit interesting optical effects
such as localized excitori8 spatially indirect interband tran-
sitions in magnetic field! and excitation intensity dependent
emission energie¥. However, attempts to identify the mi-
crostructure responsible for these highly unusual effects in an
ordered compound have failed. For example, the
suggestett 12 coexistence of CuPt-ordered domains with
random-alloy domains cannot explain the spatially indirect
transitions since the offset in this system is tygé1
In this paper, we provide an easy and systematic way to
study theoretically the electronic and structural properties of
the mixed-phases ordered semiconductor compounds dis-
cussed above. We show that these ordered structures can be
formed by different stacking of basi®01) atomic planes,
i.e., they are polytype®. The physical properties, such as the
formation energies, band gaps, and band offsets of any mem-
ber of a polytype series can be predicted systematically using
a generalized one-dimensional Ising motfakhere the Ising
interaction parameters are obtained from accurate, first-
principles electronic structure calculation on a fésmall
unit cell) polytypes. We find that Culn$epolytypes have
very similar formation energie&hus, explaining phase co- FIG. 1. Crystal structures aB) CuPt,(b) Y2, (c) chalcopyrite,
existence in this systemand that certain GalnPpolytype  and (d) CuAu pseudobinary semiconductor compounds. CuPt and
pairs manifest a “type-1I"” band alignment, thus holding the Y2 belong to type-a polytypes while chalcopyrite and CuAu belong
potential for explaining the puzzle of exciton localization to type-b polytypes.
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