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Abstract
Two di!erent types of quantum islands, formed either by strain-modi"ed island growth or in the Stranski-Krastanow
(SK) mode, were identi"ed by optical and structural investigations. Pronounced di!erences in the size, shape and Cd
content of these islands lead to di!erent localisation energies of three-dimensionally con"ned excitons allowing a clear
distinction of both island types. The classi"cation was con"rmed by plan-view and cross-sectional transmission electron
microscopy.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Quantum dot (QD) structures based on II}VI
semiconductors are presently of signi"cant interest
due to their advantageous linear and non-linear
optical properties as compared to higher-dimensional structures. For the CdSe/ZnSe system two
distinguishable classes of QDs were identi"ed: fractional monolayer islands grown by strain-modi"ed
island growth (type A) (e.g. Ref. [1]) and threedimensional (3D) islands grown in Stranski}
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Krastanow (SK) mode (type B) (e.g. Ref. [2]). In
structures containing type A islands thermal stability and resonant gain were demonstrated in combination with ternary [3] or quaternary [4] II}VI
matrix. Although type B islands provide deeper
localisation, resonant room-temperature gain
could not be demonstrated. This is caused by a too
large size of strain-relaxed islands [2] or the appearance of a second island class of a higher density
(e.g. Ref. [5]). Probably, the growth of type B
islands is often accompanied by the formation of
such a second island type. Currently, the simultaneous appearance of di!erent island types in such
structures is not considered. In this work, we present
methods to distinguish di!erent island types, and we
determine the parameters for the growth of structures containing predominantly type B islands.
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2. Experimental procedure
The samples were grown by molecular-beam epitaxy (MBE) as described in Ref. [6]. The structures
consist of 2.3}3.1 monolayers (ML) CdSe deposited
at ¹"2603C sandwiched between two strained
pseudomorphic ZnSe layers of 45 nm thickness. All
samples were grown on GaAs (0 0 1) substrates. The
formation of 3D islands was con"rmed by in situ
monitoring of the RHEED patterns. The structural
properties were studied by transmission electron microscopy (TEM) using a Philips CM 200
FEG/ST electron microscope with an electron energy of 200 keV and a Scherzer resolution of
0.24 nm. The Cd distribution was determined by
the CELFA evaluation procedure [7]. Optical
properties were investigated by cathodoluminescence (CL), photoluminescence (PL), PL excitation
(PLE) and gain spectroscopy at temperatures between 1.8 and 300 K. CL measurements were performed using a Jeol JSM 840 scanning electron
microscope. The spatial resolution of the CL
amounts to 350 nm and the spectral resolution
0.4 meV [8]. PL was excited using a He}Cd laser,
the PLE excitation source was the light of a tungsten lamp dispersed by a 0.5 m monochromator.
Luminescence was detected by a photomultiplier
attached to a 0.85 m double monochromator.

Fig. 1. (a) Plan-view bright "eld TEM of a CdSe/ZnSe sample
with 2.8 ML CdSe. (b) Cross-section image of a sample with
2.3 ML CdSe evaluated by CELFA (taken from Ref. [11]).

3. Results and discussion
TEM and high-resolution (HR) TEM investigations give evidence for the coexistence of type A and
B islands. Fig. 1a shows a plan-view TEM image of
a sample with 2.8 ML CdSe deposition con"rming
the appearance of type B islands. The lateral diameter of these islands is about 16 nm. Additionally,
some large islands with a diameter of about 50 nm
are observed. Such islands are formed by the coalescence of type B islands. But their large size leads
to a plastic strain relaxation resulting in structural defects so that non-radiative recombination
dominates.
Type A islands were revealed as a speckle contrast in plan-view TEM and in cross-sectional
HRTEM images of the same sample. A typical
cross-section HRTEM image of a 2.3 ML sample

evaluated by CELFA is shown in Fig. 1b. The Cd
content in the area of the wetting layer is less than
100% and exhibits an inhomogeneous distribution.
Obviously, segregation and interdi!usion leads to
a broadening of the wetting layer (WL) up to 3 nm
in growth direction, and therefore to the formation
of a ZnCdSe alloy quantum well. Areas in the WL
with increased Cd content (bright areas) represent
type A islands which were also found in fractional
ML structures (e.g. Ref. [9,10]). These islands have
a lateral extension below 10 nm. The Cd content of
the type A islands and of the wetting layer exhibited
a remarkable dependence on the CdSe coverage as
shown in Table 1. A continuous rise of the Cd
content with increasing CdSe coverage is determined, whereas the density of type A islands does
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not show such dependence. At the same time an
increasing CdSe leads to an increase of the density
of type B islands.

Table 1
Cd content of wetting layer and type A islands for varied CdSe
coverages as determined by CELFA analysis of cross-section
high-resolution TEM. The density of the type B islands was
obtained by plan-view TEM. The density of type A islands of
5;10 cm\ shows no dependence on the CdSe coverage
CdSe
coverage
(ML)

2.3
2.6
2.8
3.1

Cd content (%)
Wetting
layer

Type A
islands

13
15
16
18

25
30
32
35

Density of type B
islands
(cm\)

1;10
1;10
2.5;10
5;10

The zero-dimensional character of excitons
localized in the islands was con"rmed by spatially
(Fig. 2a and b) and spectrally (Fig. 2c and d) resolved CL investigations. Fig. 2a and b show CL
images recorded on the low- and high-energy tail of
the emission peak, respectively. For detection energies on the low-energy side of the emission peak
monochromatic CL images show distinct luminescent areas (Fig. 2a). This observation suggests a low
areal density of type B islands which should have
a predominantly low emission energy. On the highenergy side of the luminescence peak monochromatic CL images show only a cloudy luminescence
distribution (see Fig. 2b). this can be due to a very
high areal density of type A islands which predominantly emit in this spectral region. This assumption
is supported by CL-spot spectra which on both sides
of the luminescence show sharp emission peaks suggesting zero-dimensional recombination processes.

Fig. 2. Monochromatic cathodoluminescence intensity images (a, b) and spot spectra (c, d) of the sample with 2.3 ML CdSe, recorded at
¹"6 K.
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dependent PL (see also Ref. [11]), and the maximum of the PL emission band are displayed in the
inset of Fig. 3 as a function of the CdSe coverage.
The energy of the WL-state and the PL emission
band have the same dependence on the CdSe coverage. With regard to the dependence of the Cd
content in the wetting layer and in the type A
islands on the CdSe coverage, this behaviour
suggests that the PL band is dominated by type
A islands. The growth process which is described in
Ref. [6] in more detail is therefore believed to
induce the formation of type A islands.

4. Conclusion

Fig. 3. Photoluminescence (PL) spectra of samples with varied
CdSe coverages. Inset: energy positions of the wetting layer
(WL), obtained by PLE and temperature-dependent PL, and
maximum of the PL emission band as a function of the CdSe
coverage.

Fig. 3 shows the emission properties of the quantum islands and the in#uence of the WL for single
layer samples with CdSe coverages varying between 2.3 and 3.1 ML. The broad PL emission
bands exhibiting an asymmetric shape were assigned to the radiative recombination of zerodimensional excitons in type A and B islands. With
an increasing CdSe coverage the PL maximum
shifts to lower energies and the full-width at halfmaximum (FWHM) increases. The structural
investigations suggest the increasing density of type
B islands with increasing CdSe coverages. This explains the increasing intensity of the low-energy tail
of the emission band and the resulting increase of
the FWHM. To clarify, the origin of the shift of the
PL maximum to lower energies with increasing
CdSe coverages we performed PLE and temperature-dependent PL studies. The energy of excitons
in the WL, dertermined by PLE and temperature-

A clear distinction of CdSe islands in CdSe/ZnSe
samples, formed either by strain-modi"ed island
growth (type A) or the Stranski}Krastanow mode
(type B), is presented based on structural characterisation and optical spectroscopy. Di!erent optical
properties are observed due to di!erent localisation
energies and pronounced di!erences in size, shape
and Cd content. Embedding between 2.3 and
3.1 ML of CdSe in a pseudomorphically grown
ZnSe-matrix leads to the coexistence of both types
of islands which both provide a 3D con"nement for
excitons.
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