oy Symmetry of a superlattice with no-common-
atom such as InAs/GaSb from tll,y symmetry of a superlattice that has a common atom, e.g., InAs/GaAs.
Consequentlyk - p lacks the strong in-plane polarization anisotropy of the interband transition evident in the
pseudopotential calculation. Since the pseudopotential band gap is larger th&npthalues, and most
experimental band gaps are even smaller tharktheband gap, we conclude that to understand the experi-
mental results one must consider physical mechanisms beyond what is includéel peiiaterdiffusing, rough
interfaces, and internal electric fie)dsather than readjust the p parameters.S0163-18209)07531-1

I. INTRODUCTION more than 8 bulk band3ate needed to reduce the error to
~10-20 meV. The basic reason fortthiatifust a few
(InAs),/(GaSb), forms an interesting superlattice and zinc-blende Bloch states drawn froFpthiet are not
guantum-well system, because for large periodsn)— enough to describe thd dffe, k>k,
this heterojunction has aegativeband gap(the InAs con-
duction band minimum is~160 meV below the GaSb va-
lence band maximujn while for smaller periods, quantum
confinement of InAs electrons and GaSb holes leads to finite,
positive band gapEgy(n,m) of up to~+400 meV. Thus, by
selecting 6,m), one can construct lasers and detectors at
technologically useful, tunable IR wavelengttfsThe design
of such structures relies on the accurate modeling of
Eg(n,m). This has been largely done in the past via the

k- p effective mass approx‘lerrr&%tsl at the Brillouin zone clenter

0=0, the wave vector
distanck.—kg, outside which significant errors in the bulk
dispersion relationship can be seen, is sometimes surpris-
ingly smallsee Ref. 6 for GaAs and AlAs, Ref. 7 for InP
and CdSeAn extreme case is the zinc-bkgpdeate,
where the eight-b&ng method overestimates its position
by’ 9 eV in GaSbh, 5 eV in InAs and 25 eV in GaAs. Many



face hag110] Ga-As bonds and110] In-As bonds. As a
result, the two in-plane directiong110] and [110] are
inequivalent!~**and the symmetry is reduced &, (four
point group operations Similarly, thek-p does not recog-
nize the proper odd-even symmetry of a film made of an odd
or even number of monolayet3or the correcC,, symme-

try of a self-assembled InAs/GaAs pyramidal ddThe ex-
istence of a lowerC,, symmetry in InAs/GaSb superlattices
than the one @,4) assumed in standarkl-p method has
several consequences)



(b) In our methodology thé& - p parameters are viewed as
fixed constants not as adjustable parameters. Once deter-
mined from the bulk band structurgglrawn from well-
established experiments and state-of-thea#rtinitio calcu-
lations, see belowthey have not been readjusted to fit the
superlattice experimental data, or the superlattice pseudopo-
tential calculation. Indeed, ik-p theory the input param-
eters are fundamentally bulk quantities, not properties of the
nanostructures themselves.

Il. METHOD OF CALCULATION

We first determine screened pseudopotentialgq)} as
a function of momentumy for = Ga, In, As, Sb, using them
to calculate the bulk band structures of GaSb and InAs from
which we find thek-p band parameters shown in Table I.
These parameters are then used in an eight-kapdnodef
to calculate the superlattice states. Separately, the pseudopo-
tentials{v



all-electron calculation the anigncationd coupling is fully



above(below) the InAs CBM (GaSb VBM constitutes the
electron(hole) confinement energy. We see that the pseudo-






This analysis suggests that new physical effects, thus fagap by about~20 meV, thus, it does not appear to be a
neglected, might need to be considered. For example, curredbminant effect that would explain the large discrepancy be-
pseudopotential an#t-p calculations assume abrupt inter- tween present calculations and experimental observations.
faces, while experimett®”3 points to inter-diffused and ~ To date, there is not enough data on intervalence energy
rough interfaces’ island formatiof®° and even compo- splittings available to allow a meaningful comparison with
sitional modulatiort® which have been shown in other short- experiment. Such experiments are called for, so that com-
period superlattice systems to lead to large band gap reduparison with the values published here can be made.
tions. Another possibility is the internal electric field allowed
py theC,, sym_me.try of the system. To estimate_the effect of ACKNOWLEDGMENTS
internal electric field on the band gap reduction we have
compared the LDA calculated band gap of The work at NREL was supported by the U.S. Depart-
(InAs);InSb(GaShy and GaAs(InAsj(GaSh), with that of
(InAs)g(GaSb). The former two structures have equivalent
interfaces, and thus no electric field is induced by the inter-
face. We find that the internal electric field reduced the band



