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Abstract

Multilayer structure containing vertically stacked InAs/InP self-assembled quantum wires (QWR) have been successfully
grown by molecular beam epitaxy. We have found that spacer layer thickness fully determines the structural and optical
properties of the multilayer structure, being observed a strong improvement of the homogeneity and uniformity of the QWR
stacks in the case of an appropriate layer spacing.
? 2002 Elsevier Science B.V. All rights reserved.
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The stacking of self-assembled quantum wires
(QWR) in multilayer structures has been proposed
as an eBcient mechanism to improve uniformity and
hence optical quality. Using InP as the spacer ma-
terial, in this work we present evidences of a strain
driven vertical "ltering of the wire sizes in stacked
InAs self-assembled QWR multilayers [1]. The sam-
ples studied here consist of a stack of ten layers
containing self-assembled InAs QWRs separated by
InP spacer layers with di%erent thickness (5 nm for
sample A and 12:5 nm for sample B), grown by MBE
on InP[0 0 1] substrates. A similar sample containing
a single QWR layer is used here for comparison.
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Bright "eld XTEM images of samples A and B
recorded under two beams condition exciting the 002
reLection are shown in Fig. 1. From the XTEM ana-
lysis of the wire stacks, the average height (H) and
width (W ) of the di%erent QWRs, as well as the
average distance between stacks (�) can be extracted.
In Fig. 1a we can observe that most of the wires in
the "rst layer in sample A propagates vertically giv-
ing rise to aligned and uniform stacks of wires. The
uniformity of the wires is measured by MH=H and
MW=W , which are around 18% and 10%, respectively.
The uniformity of the spatial distribution of the stacks
is measured by M�=�, also around 10%. In contrast,
only one from each three wires (�A=�B ∼ 1=3) in the
"rst layer in sample B becomes a nucleating wire and
propagates vertically giving rise to QWR stacks. At
the same time, the positions of the remaining wires
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Fig. 1. XTEM images of samples A (a) and B (b). The typical
distance between two consecutive stacks is shown in each case.

are not vertically correlated in the consecutive layers
as shown in Fig. 1b. It is also noticeable that the nu-
cleating wire in sample B is particularly big, namely,
a ‘defect’ wire, and that the uniformity of the wires in
the stacks is two times worse than in sample A (mea-
sured by MH=H and MW=W ), as also occurs for their
spatial distribution (M�B=�B ∼ 22%).

Therefore, the above given results demonstrates
how the 5 nm thick spacer is thin enough for enabling
an eBcient strain propagation along the growth direc-
tion through the whole structure. The wires are clearly
piled up in a correlated way, and, at the same time,
the strain redistribution between wires and spacer
layer has a "ltering e%ect on the size of the wires
being stacked, giving rise to the observed vertical and
lateral uniformity. The larger thickness (12:5 nm) of
the InP spacer layers in sample B inhibits partially
the strain propagation between consecutive layers and
the wires in vertical stacks are only 1/3 of the total,
promoted by ‘defect’ wires in the "rst layer.

Fig. 2 shows the PL spectra at 50 K for one sam-
ple containing single layer QWRs (Fig. 2a), samples
A (Fig. 2b) and B (Fig. 2c). In the single layer case
the PL band can be deconvoluted in several Gaussian

Fig. 2. PL spectra at 50 K of (a) sample containing a single QWR
layer, (b) sample A and (c) sample B.

components. As was pointed out in a previous work
[2], two consecutive components arise from 1 ML
Luctuation in the wire height. In sample A we can
deconvolute two Gaussian components, centered at
0.728 and 0:805 eV at 50 K, being the latter the dom-
inant one. The line widths of such components are
around 50 meV, approximately the double of the line
widths deduced for single-height family emission lines
in the single layer sample. In this way, each emission
component in sample A would arise from a stack fam-
ily in which the wire height Luctuations are around
2 ML (0:6 nm) in agreement with the standard devia-
tion found by XTEM in this sample. On the contrary,
we "nd a broad emission band at 0:89 eV in sample
B and two not well resolved and narrower compo-
nents at 0.678 and 0:745 eV. Correlating the PL results
with the XTEM data, we can assign the broad band
to the dominant vertically uncorrelated wires, 2/3 of
the total. The low energy bands would be thus asso-
ciated to vertical stacks of wires, in a 1/3 proportion.
The overall line width of these poorly resolved bands,
are compatible with the 4 ML (1:2 nm) standard de-
viation of the wire height found in the wires of the
examined stacks in sample B. At the same time, the
redshift of these bands is consequent with the larger
average wire height found in the stacks of this sample
(4:3 nm) with respect to the average value found in
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sample A (3:4 nm), for which we associate the main
emission band at 0:805 eV shown in Fig. 2b.
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