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1. Introduction

Semiconductor quantum dots (QDs) attract at-
tention in the viewpoint of the application for
devices such as semiconductor lasers and single-
electron transistors. Self-organization in the epi-
taxial growth onto a lattice-mismatched material is
known to be a useful technique to form QDs. Up
to the present, self-organized QDs of III-V semi-
conductors have been extensively studied[l]. On
the other hand, the study of self-organized QDs of
II-VI compounds is just at the beginning, as only
recently have there been several reports on CdSe
QDs on ZnSe[2-4]. From an applicational point of
view, II-VI QDs are expected especially for efficient
semiconductor lasers, with an advantage of shorter
wavelengths and higher excitonic binding energy.

In this study, we investigated optical proper-
ties of self-organized QDs of CdTe on ZnTe (100)
surface by molecular beam epitaxy. In this com-
bination of materials, the lattice mismatch ratio
Aa/a = +6.2 % is close to that of InAs-on-GaAs
(+7.2%). Therefore the formation of self-organized
QDs in a similar mechanism can be expected.

2. Sample Growth

The growth of CdTe on ZnTe(100) surface was
performed by an alternate deposition of Cd and Te
fluxes in an MBE chamber. When the CdTe de-
position amounted to about 2.5 monolayers (MLs),
the RHEED image showed a transformation to a
spotty pattern, which is considered to be the onset
of the Stranski-Krastonow island growth. Results
of ez-situ atomic force microscope (AFM) measure-
ments coincide with the above RHEED observation;
the AFM image showed that the surface was almost
flat at a 2 ML thickness of CdTe deposited, while
on the other hand, dots were formed at a 3.5 ML
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thickness. Dots were cone-shaped with typical di-
ameters of 20 £+ 2 nm and heights of 2.7 + 0.3 nm
and the density was 8 x 101° em=2. It was found
that CdTe dots once formed were stable; the size
and the density did not change in the atmosphere
at room temperature for a few months. This is a
different case from CdSe QDs on ZnSe, in which a
remarkable ripening was observed[2,4].

3. Optical Properties

PL measurements were performed on the QDs
samples with a ZnTe capping layer. An intensive
and relatively narrow PL line due to the excitonic
recombination was observed at 2.2 eV (full width
half maximum 24 meV) at 4.2 K and it survived up
to room temperature. Figure 1 shows the temper-
ature dependence of the integrated PL intensity of
the QDs sample (referred to as sample (c)), together
with two SQW samples as reference which only have
1 ML CdTe (sample (a)) and 2 ML, CdTe (sam-
ple (b)) of wetting layers, respectively. As shown
in the figure, the PL intensity of sample (c) was
higher than SQW samples (a), (b) by several or-
ders at low temperatures. A quenching of the in-
tensity at high temperatures was fitted to the equa-
tion I = Ip/{1 + Cexp(—Ea/kgT)}, assuming the
thermal escape of carriers to non-radiative recom-
bination path with an activation energy E5. From
the fitting, we obtained Ea = 59 meV for samples
(a), (b) and 110 meV for sample (c). This enhance-
ment of the activation energy in QDs by a factor
of two is attributed to an additional confinement of
excitons in QDsl[5].

In time-resolved PL measurements, the de-
cay time of the luminescence was measured with
the excitation above the band-gap of ZnTe us-
ing frequency-doubled Ti-sapphire laser. Figure 2
shows the temperature dependence of the decay
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Figure 1 The temperature dependence of the inte-
grated PL intensity in SQW samples (a), (b) and QDs
sample (c). The solid lines are the results of fitting to
the equation inside the figure.

time. The behavior of the decay time in sample (b)
is considered to be typical of the two-dimensional
excitons; that is; a linear increase of the decay time
at low temperatures is attributed to the thermal dis-
tribution of dark excitons away from the zone cen-
ter[6]. On the other hand, the decay time of sam-
ple (c) exhibits a different behavior; the decay time
is almost constant up to 20 K and then increases
linearly with the further increase of temperature.
This temperature independent region reflects the 6-
function-like density of state in the zero-dimensional
confinement|6,7].

4. Conclusions

We have succeeded in the fabrication of self-
organized QDs of CdTe on ZnTe (100) surfaces.
AFM measurements revealed that dots were cone-
shaped with typical diameters D = 20 + 2 nm and
heights h = 2.7+ 0.3 nm. In PL measurement, an
intensive luminescence due to the excitonic recom-
bination in QDs was observed at 2.2 eV at 4.2 K.
The temperature dependence of the integrated PL
intensity indicated that the activation energy for the
thermal escape of carriers in QDs was enhanced by
a factor of two compared with SQWs, due to an ad-
ditional confinement in QDs. In time-resolved PL
measurements, the decay time was constant at low
temperatures, which reflects the discrete density of
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Figure 2 PL decay times as a function of tempera-
ture in samples (a) ~ (c). The dotted lines are guides
to the eye.

state of zero-dimensional excitons in QDs. From
applicational point of view, the morphological sta-
bility and high PL efficiency in the green spectrum
region in CdTe QDs exhibit a potentiality of this
material for quantum dot lasers.
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