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Using self-consistent electronic structure calculations we contrast the energy levels of the 
ultrathin (GaAs)" (AlAs) n [001] superlattices (n = 1,2) with those of the disordered 
Gao.s Ala.s As alloy and a long period (n --I> 00 ) superlattice. Conventional Kronig-Penney and 





side bands34 substantiate the assignment of this emission to 
the vicinity of the X lc level. The L 1c energy observed in re
flectance and extrapolated to 0 K is ae 1 -2.14 eV, signifi
cantly lower than our LDA corrected valuell! at Ev + 2.40 
eV. However, a new interpretation37 suggests that the for
mer value should be -0.3 e V higher, in good agreement with 
our value. 

IV. ESSENTIAL PHYSICS OF LOCALIZATION IN 
ULTRATHIN SUPERLATTICES 

A. Potential wells 

Ultrathin superlattices are not expected to follow the 
simple, particle-in-a-box scaling rules40 pertinent to thicker 
superlattices, where confinement of a particle with effective 
mass mr in an infinite well with width d raises its energy by m0 U2m0 







TABLE IV. Mapping of the states of the zinc-blende structure ("ZB label") into superlaUice states (denoted with II bar; see Table HI for notation) for 
(GaAs)" (AlAs)"; n = 1,2. LDA corrected energy levels are given ill eV, relative to the f',v valence-band maximum; the uncertainty is ± 0.05 eVorless. For 

11= 1, we give the energies calculated for the relaxed structure (RGa•As = 2.4590 A, R AJ.A, = 2.4502 A; a,,,, 5.6569 A, and c = 5.6922 A) and for the 

unrelaxed structure (a = c = 5.6569 A.; R Ga.A , = RA"A, = 2.4495 A.). For n = 2, we lise the unreiaxed structure with a = 5.6569 A. For each state, we also 

give the percentage ofs, p, and d character (first row, second row, and third row, respectively) within the atomic spheres for each type of atom. The equivalent 
number of atoms for each type of atom in the (n,n) unit ceil is given in the parenthesis. The notations Asi, AsCi., and As"i for n = 2 refer to interfacial As atom, 
interior As atoms bonded to Ga, and interior As atom bonded to AI, respectively. We use sphere radii of 2.265 a.u. for aU atoms. The charge not included in 
these spheres is defined as interstitial charge. 

n = 1; Relaxed n = 1; Unrelaxed 

ZB State 
label label E E As(2) Ga Al 

L,c Ric 1.88 1.92 14.5 25.3 0 
4.8 1.1 3.6 
3.2 0.5 1.2 

R.c 2.93 2.95 15.1 0 26.0 

2.1 2.5 1.9 
4.0 1.0 0.6 

XI,· 

6.4- 0 0 
M5C 2.09 2.10 0 5.8 6.4-

4.5 1.6 2 . 3  

i"., 2.20 2.17 6.4 0 0 

2.4- 4.1 8.0 
4.3 2.5 1.2 

X:!c .iiI" 2.07 2.13 0 18.0 0 

ILl 0 0 
5.8 0.7 3.6 

M,c 3.14- 3.14 0 0 19.9 
D 0 0 



sition to f 4c' based on the closeness to their calculated value. 
Our calculation does not support this assignment, but pro
vides an alternative one (see below). 

Our foregoing discussion shows that whereas for small 
n, the superlattice states at rc would be classified by conven
tional models as "mass-delocalized" states, they are more 
properly thought of as "level-repulsion localized states." 

VI. SEGREGATING SUPERLATTICE STATES 

Not all of the alloy states atX fold in the (001 )-oriented 
superlattice into r; the sixfold degenerate Xc conduction 
band splits in the tetragonal cell of the superlattice into two 
degenerate longitudinal states (which fold into r), and four 
transverse states (oriented parallel to the interface), which 
do not fold into t, remaining at the X point'S eM in the 
tetragonal notation). We find these nonfolding states to be at 
a lower energy than the folding states for n = 1, whereas this 
order is reversed for n = 2 due to the repulsion effect dis
cussed above (changing the substrate lattice constant can 
also alter this level ordering45

). Despite the small transverse 
electron mass of the X 3c aHoy state, from which one would 
expect that the state folded from X 3c will be mass delocalized 
(hence located near the weB centers), we find that the aHoy 
X 3c state creates in the n = 1 superlattice the Mjc (X3c ) 
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absorption near 3 e V. Both the valence and conduction-band 
extrema are localized on the GaAs sublattice, hence the sys
tem is a "type I, indirect r -L" super/aUice. At higher ener
gies, around E" + (2.12 ± 0.02) eV, we find the M le (X3c ) 

and Msc (X[c ) levels, close to the alloy XIc state. The direct 
conduction-band state f k (r le ) is yet higher in energy at Ev 
+ 2.18 eV but -0.04 eV below the alloy rIc state, giving 

rise to an Eo transition near this energy. A new pseudodirect 
['IC (X3e ) state with w i t h  



(HgTe) (ZnTe)! and (CdTe) I (ZnTe) 1> at their relaxed ge
ometry,46 that the rIc (r Ie) states are about 0.11 eV below 
their well centers. The Mlc - M2c splittings are 1.54 and 
0.68 eV for (HgTe) I (ZnTe) I and (CdTe) 1 (ZnTe) I' respec
tively. The splittings of Ric - R4c are 0.67 and 0.14 eV, re
spectively. Because of the large relaxation for the lattice
mismatched systems, the valence-band splittings are also 
large. They are about 0.6 eV at Rv and 0.1 eV at MI" 
X.SUMMARY 

We have calculated the electronic structure of the 
(GaAs) n (AlAs) n superlattice by combining first principle 
results with corrections to the local density functional ap
proach. We find for n = 1 that the system is indirect with a 
CBM at R. For n>2, the system is either pseudodirect or 
indirect with a CBM at Xi for small n and becomes direct for 
large n's. For thin superlattices, besides the delocalized aver
aging states, we have identified two new types of localized 
states-repelling states and segregating states-whose ener
gies and wave functions strongly depend on the layer thick
ness n. Based on our new theoretical results, we have reana
lyzed recent experimental data and show a generally good 
agreement. Extension to II-VI superlattices show similar re
sults. 

Note added in proof 

After the acceptance of our paper for 
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