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throughout the heterojunction is obtained from the rela
tions 

I JI -
V macro(z) = 21 dz' V(z + z'), 

-I 
(2) 

- I f V(z) = A dx dy V(X,y,Z). 
xy Axy 

(3) 

V(z) is a planar-averaged potential, i.e., it is the full po
tential V(x,y,z) averaged (over a two-dimensional unit cell 
Axy) in a plane parallel to the interface. Ear from the in
terface, this planar-averaged potential V(z) is periodic 
over a 2 ML distance 2/. This is a reflection of the fact that 
the charge density far from the interface is identical to that 
of the pure binary compound (GaAs or AlAs in the ex
ample of Fig. I), and therefore that the potential in this 
region must be identical to the potential of the pure binary 
compound to within a constant. The macroscopic-averaged 
potential as defined in Eq. (2) is thus constant far from the 
interface, and the difference in the constant values on ei
ther side of the interface is simply the interfacial dipole 
tJ. VIF' 
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in all cases, equilibrium (i.e., zero-force) atomic geome
tries will be discussed further in Sec. IV. 

III. REVIEW OF PAST WORK 

There has, in the past, been several studies of the de
pendency of band offsets on interfacial structure. The 
interface-localized structural changes considered in these 
prior studies, and in the present study, can all be described 
as interface-localized composition changes. By this we 
mean the change from some (frequently ideal) interface 
geometry such as 

· . '-A-A-A-A-A-A-B-B-B-B-B-B-' .. (7) 

to some other (generally nonideal) geometry, such as 

.. '-A-A-A-A-A-X-Y-B-B-B-B-B-'" (8) 

We refer to the changes A-X and B- Yabove as compo
sition changes because they represent changes in the iden
tities of the atoms located in those planes. In the case where 
the atomic planes labeled X and Y in Eq. (8) consist of 
alloyed mixtures of A and B atoms, we describe the 
nonideal geometry [Eq. (8)] as "chemically nonabrupt" or 
"intermixed." In the case where these X and Y planes 
consist of atoms not included in any of the A or B planes, 
we describe the geometry [Eq. (8)] as that resulting from 
the growth of a (foreign) interlayer. Yet another possibil
ity exists in the case of noncommon-atom AB/CD (001) 
interfaces. In this case, one ideal (chemically abrupt) in
terface is 

· . '-A-B-A-B-A-B-C-D-C-D-C-D-' .. (9) 

while another is 

· . '-A-B-A-B-A-B-A-D-C-D-C-D-' .. (10) 

The C-A composition change above {that changes geom
etry [Eq. (9)] into geometry [Eq. (lO)]} changes one 
chemically abrupt interface to another: from the B-C in
terface in Eq. (9) to the A-D interface in Eq. (10). In 
order to better understand the manner in which these com
position changes affect interface dipoles, it is frequently 
convenient to consider the changes as resulting froms "the
oretical alchemy," whereby the composition change occurs 
as a result of the transmutation of atomic identity, and this 
transmutation is treated as a perturbation to the original 
Hamiltonian. We shall employ this concept often in ana
lyzing the results of the past and present calculations. 

In order to understand the major themes that emerge 
from past studies, it is convenient to separate the isovaient 
composition changes (e.g., As-P, where valency is con
served) from heterovalent ones (e.g., As-Si, which does 
not conserve valency). A major result of the past worku85 ones se1.116 0 Td
(separa31ajor )Tj
046pect <</CoTd
(from )Tj
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offset (altering the AIAs/Ge offset by 280 meV, for exam
pie). All other interlayers made no noticeable effects, in
cluding heterovalent interlayers like Ge at the GaAsl AlAs 
interface (because in this case the proton transfer occur
ring in the theoretical alchemy described above takes place 
parallel to the interface). 

Having considered the large effect on band offsets re
sulting from certain heterovalent interfacial composition 
changes, we next examine previous studies of the effects of 
isovalent composition changes. One important result has 
emerged from the linear response theory of Baroni et aI., 19 

who consider the evolution of a heterojunction's charge 
density from that of a parent virtual crystal approximation 
(VCA) binary compound: GaAsl AlAs, for example, can 
be obtained by changing half the virtual (AlGa) cations in 
a zinc-blende (AIGa)As compound into AI, and the other 
half into Ga. They have demonstrated the following ele
gant result for lattice-matched heterojunctions with a com
mon atom: if the total i n t o  
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FIG. 2. (a) Calculated variations in interlayer spacings throughout the 
(001) AIP/lnP interface. 710 is the layer spacing (in units ofaxy ) far from 
the interface: 1/o(lnP) = 0.26~ and 71o(AIP) = 0.2323. (b) Change in 
the planar-averaged potential V(z) between the equilibrium (zero-force) 
geometry shown in (al and the constant layer spacing geometry. Note 
that the interface-localized relaxations induce a 58 meV dipole that raises 
the AlP part of the junction. 
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interface in higher index growth directions from and 1100 Td
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· .. -A-C-A-C-A-C-B-C-B-C-B-C-' .. (15 ) 

interface to an intermixed 

.. '-A-C-A-C-A-C-AxB, _ x-C-B-C-B-C-··· (16) 

interface takes place on atomic sites B that, at the level of 
nearest neighbors, have mirror symmetry (having B-C 
bonds of nearly identical length both left and right). How
ever, the composition change in 
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found to have an offset 6 meV different than the abrupt 
geometry [Eq. (24)]. Stated another way, changing from 
the abrupt geometry [Eq. (23)] (with an AlAs interface) 
to the intermixed geometry [Eq. (27)] creates an addition 
to the interfacial dipole that raises the GaAs part of the 
junction by 83 meV. This result demonstrates a connection 
between the variation in offsets between the two abrupt 
interfaces of a quaternary system, and the possible varia
tion in offset resulting from intermixing. Also, if we con
sider the 50-50 intermixed interface 

. . . -Ga-As-Ga-As-Ga-Aso.5Sbo.5-AI-Sb-AI-Sb-· .. 
(28) 

we find an offset nearly midway between those of the ge
ometries (23) and (27): in going from (23) 
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