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Density of states (DOS) is one of the most important characteristics of quantum-
well materials, significantly impacting their electronic and optical properties. For exam-
ple, gain characteristics and lasing threshold of quantum-well semiconductor lasers are
largely dependent upon the DOS. Yet, surprisingly little attention has been paid to the
effects of finite-barrier height on the DOS in quantum wells. In spite of its weak foun-
dation, the standard approach! is to use an expression derived in a strictly two-dimen-
sional (2D) case which for quantum wells with infinitely high barriers has been shown?
to correspond with the bulk density of states. In an attempt to account for a more real-
istic case of finite-height potential barriers, a modified 2D DOS with the effective mass
averaged between the well and the barrier materials was used occasionally3. In this pa-
per, we propose a new expression for the DOS in finite-barrier quantum wells based on
the correspondence principle and on rigorous calculations of the quantized wave vectors.

In the infinite-barrier limit, the 2D DOS is known to coincide with the bulk case at
the bottom of each subband?. This "conservation of states” is no longer satisfied for fi-
nite-barrier quantum wells, regardless whether the standard expression (Ref. 1) or an
average effective mass with the confinement probability as the weighting factor (Ref. 3),
is used. In addition, both previous expressions for the quantum-well DOS per unit vol-
ume give unphysically high values when the confined-state energy reaches the top of the
well. Hence, in addition to introduction of the average effective mass for finite-barrier
quantum wells, we propose calculation a the density of states over an effective volume
such that the cumulative quantum-well density of states satisfies again the correspon-
dence with the bulk case.

Our approach is based on the fact that while the in-plane area of the quantum well
is well defined, it is not clear what should be the volume over which the DOS per unit
volume should be calculated. The reason for this difficulty is penetration of the elec-
tronic wave function into the barrier regions. Hence, the correspondence with the bulk
DOS is used as a guideline to determine for each subband n the corresponding effective
well width L., that enters into the finite-barrier quantum well DOS.

In order to illustrate the significance of the new definition of the DOS, we consider
symmetric rectangular conduction-band quantum wells in the GaAs/AlgsGag7As mate-
rial system at room temperature (300 K). Fig. 1 shows the variation of Legrn with the
quantum well width L, for five lowest subbands. For large values of L,;, when the
quantum well displays essentially bulk behavior, it is expected that Ly, should ap-
proach L,. Therefore, it may seem somewhat surprising that even at 50 nm there is a
significant difference (~6%) between L.tr,n and L, This is caused by the fact that even
at such large values of L,, the solutions of the eigenvalue equation for the propagation
constant ke, in a finite-barrier quantum well are still significantly different from the
infinite-barrier case. In fact, there is still a 1% difference between these solutions even
at L, as large as 200 nm. On the other hand, when L, becomes sufficiently small for the
energy level n to approach the top of the well, the electronic wave functions extend
substantially into the barrier region, resulting in an increased value of Lesn Conse-
quently, Legr, reaches 2 minimum at a certain value of L, .
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Fig. 2 shows the conduction-band DOS in finite-barrier QWs calculated using the
strictly 2D formula (Ref. 1), the same formula but with an average effective mass (Ref.
3), and the approach described in this work. It is clear that significant departure from
the conventional DOS arise when the electronic wave function associated with a given
subband state penetrates significantly into the barrier regions. As shown in Fig. 2, we
expect that irrespective of the subband index, at the top of the well the density of con-
fined states reaches the same maximum value of ~0.063 nm-3eV-1.

In many applications that do not involve a very high carrier density, occupation of
the first subband is the only one that needs to be considered. It is remarkable that the
most dramatic reduction of the density of confined states, compared to conventional ex-

pressions, is obtained for the lowest subband, especially for thin quantum wells with L,
< 5 nm. :

The results presented in this paper, obtained by applying the correspondence with
the bulk DOS, indicate that the DOS in finite-barrier quantum wells differs substantially
from the conventional 2D DOS calculated for infinite-barrier quantum wells.
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Fig. 1, Effective width of the quantum Fig. 2. Comparison of the conduction-
well Legt,n, as defined in text, for sub- band DOS at the bottom of subbands 1,
subband » in the conduction band of rect- 3, and 7 in GaAs/AlpsGag7As rectan-
angular GaAs/Alg3sGag7As quantum wells. gular quantum wells, as calculated in
The line Loyt = Ly is added to help guide this work, with the results obtained
the eye. using previous approaches. Note sig

nificant differences for the lowest sub-
band in narrow quantum wells,
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