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Abstract

The effect of diffusion on formation of self-assembled CdSe quantum dots (SAQDs) was studied in this paper. Two

kinds of diffusion were observed during the growth of CdSe layer. Surface diffusion was confirmed by atomic force
microscopy (AFM). Interdiffusion was verified by the photoluminescence (PL) and X-ray diffraction measurement. The sur-
face diffusion might help to form quantum dots. However, the interdiffusion could prevent the formation of quantum

dots. # 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Self-assembled quantum dots (SAQDs) are
presently attracting much attention since they
can lead to improvements in optical and electronic
device applications [1,2]. However, for group II–
VI semiconductors, the mechanism of formation
is not very clear, even in the case of CdSe on ZnSe
(the most widely studied II–VI materials combina-
tion). Recently, Ivanov [3] reported the formation
of CdSe-enriched islands within a broadened
ZnCdSe alloy-like quantum well by interdiffusion,
and Schikira [4] demonstrated that interdiffusion is

enhanced under Se-rich growth conditions even at
temperature of about 3008C.

In this paper, the effect of diffusion on forma-
tion of CdSe SAQDs was studied by atomic force
microscopy (AFM) and photoluminescence (PL)
measurement. Two kinds of diffusion were ob-
served during the growth of the CdSe layer. One
was surface diffusion on CdSe surface, while the
other was interface interdiffusion between the
ZnSe and CdSe layer.

2. Experimental procedure

Samples were grown by low-pressure metal-
organic chemical vapor deposition (LP-MOCVD).
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Dimethyl-selenide (DMSe), Dimethyl-cadmium
(DMCd) and Dimethyl-zinc (DMZn) were used
as precursors. The growth pressure was kept at
220 Torr. GaAs (1 0 0) substrates were cleaned
ultrasonically with a sequence of organic solvents
and chemically etched by a H2SO4 : H2O2 : H2O
(3 : 1 : 1) and HCl solution, then rinsed in deionized
water (18.2 MO) and blown dry with N2. After
heating at 6008C for 10 min, the substrates were
cooled down to the growth temperature.

For surface analysis, about 2 monolayers (ML)
of CdSe coverage were deposited directly on the
GaAs (1 0 0) surface at 5008C. Then, this uncapped
sample was cooled down to room temperature and
taken out of the growth chamber immediately, and
then was monitored constantly at the same area
of 1 mm2 by a digital instrument nanoscope IIIa
system.

For PL measurement, Samples A and B were
grown with ZnSe buffer layer (500 nm), alternating
layers of CdSe/ZnSe, and ZnSe cap layer (30 nm).
The growth temperature of sample A and B was
at 5208C and 5508C, respectively. Sample A
contained 10 periods of CdSe well layer (1.1 nm)
and ZnSe barrier layer (12 nm). Sample B con-
tained 20 periods of CdSe well layer (1.6 nm) and
ZnSe barrier layer (12 nm). X-ray diffraction and
PL spectra were used to measure the crystal
structure and the luminescence properties of the
samples. The Ka1

and Ka2
of Cu were used as the

X-ray resources. The 325-nm line of He–Cd laser
was used for PL measurement.

3. Results and discussion

Fig. 1 shows the AFM images and cross-section
analysis of the uncapped sample surface. Those
AFM images were taken from the same area of the
uncapped sample. (a) and (b) were taken about
60 and 80 min after the growth of CdSe layer,
respectively. The bottom panel is the cross-section
analysis. The cross-section analysis (a) and (b)
were exactly taken from the same area of AFM
images (a) and (b). From (a) to (b), the surface
trended to smooth and many dots were formed.
The average height, diameter and density of those
dots were 13 nm, 50 nm and 5 dots per mm2.

Fig. 2 shows the PL spectra of samples A and B
at 77 K. Sample A had two peaks. The peak value
of AP1 and AP2 were 495.7 and 547.9 nm. Sample
B also had two peaks. The peak value of BP1 and
BP2 were 520.1 and 609 nm.

Fig. 3 shows the X-ray diffraction patterns of
sample B. Four peaks could be seen clearly. The
peak value of P1, P2, P3 and P4 were 66.311,
66.127, 65.944 and 65.7028, respectively.

Comparison with CdSe on ZnSe, the lattice
mismatch of CdSe/GaAs is 7.5%, and is close to
that of CdSe/ZnSe that is 7.2%. Therefore the
strain-induced self-assembling should be similar in
both cases. In addition, without the disturbance of
ZnSe buffer layer, the actual information of self-
assembled CdSe quantum dots will be observed.

Fig. 1. AFM images and cross-section analysis of the uncapped

sample surface. Those AFM images were taken from the same

area of the uncapped sample. (a) and (b) were taken about 60

and 80min after the growth of CdSe layer, respectively.
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Then, for the surface analysis, CdSe coverage was
grown directly on the GaAs surface.

In Fig. 1, the surface tending to smoothing
could be interpreted as the effect of surface
diffusion. According to the theory of crystal
growth, the surface of a concave area possesses
lower surface vapor pressures (higher surface
binding energies), and the surface of a convex
area possesses higher surface vapor pressures
(lower surface binding energies). Therefore, in-
dividual atoms or molecules continually migrate
from the parts with higher surface vapor pressures
to the parts with lower surface vapor pressures
[5,6]. Consequently, the concave areas will con-
tinually receive atoms or molecules from the
convex areas. Then, the thickness of the concave
area will tend to be thicker than the initial growth
thickness and the surface will tend to smooth out
as time passes.

Those dots in Fig. 1b were very similar to
SAQDs that had been reported by other research-

ers [7–10]. However, in our experiment, the
thickness of CdSe layer was about 2 MLs, below
the critical thickness of 3 MLs [11]. Moreover,
those dots appeared about 60–80 min after the
growth of CdSe layer. One possible explanation
may be the effect of surface diffusion. Surface
diffusion could result in parts of the sample surface
reaching or exceeding the critical thickness, and
then strain releases to form the SAQDs on these
parts of sample surface. Nevertheless, the mechan-
ism of formation is rather complicated. Recently,
some researchers even thought that those dots
might be Se or SeO2 [5]. Then, the hypothesis of
formation of SAQDs by surface diffusion might
not be appropriate. However, it is likely that
during the formation of those dots, surface
diffusion did have an active role.

The thickness of the CdSe well layer in sample A
was 1.1 nm, beyond the critical thickness of 3MLs.
Thus, it might release strain and form the quantum
dots to lower the total system energy. Then in
Fig. 2, we considered that the AP2 comes from the
quantum dots, and the AP1 come from the wetting
layer. However, the growth temperature of sample
B was 5508C. It was high enough for Zn and Cd
interdiffusion to form ZnCdSe alloy layer. This
alloy layer could compensate the high lattice
mismatch of CdSe/ZnSe and decrease the actual
thickness of CdSe layer. Then, even though the
original thickness of CdSe layer in sample B was
1.6 nm, also beyond the critical thickness, we did
not observe the PL peak of quantum dots in Fig. 2.
We considered that the BP1 might come from the
CdSe ultrathin layer and the BP2 might come from
the ZnCdSe interface or impurity.

The existence of ZnCdSe alloy layer was verified
by X-ray diffraction. In Fig. 3, the peak diffraction
angle of P1, P2, P3 and P4 were 66.311, 66.127,
65.944 and 65.702, respectively. The diffraction
peak Ka1

and Ka2
of GaAs (4 0 0) are 66.095 and

66.305. The diffraction peak Ka1
of ZnSe (4 0 0) is

65.885 and the Ka2
lap over the Ka1

of GaAs
(4 0 0). Then we can conclude that the P1, P2 and
P3 in Fig. 3 belong to the Ka2

, Ka1
of GaAs (4 0 0)

and the Ka1
of ZnSe (4 0 0), respectively. However,

the P4 in Fig. 3 does not corresponding to any
diffraction peaks of CdSe, ZnSe and GaAs. In
addition, we did not observe this peak in the other

Fig. 2. The PL spectra of the sample A and B at 77K.

Fig. 3. The X-ray diffraction patterns of the sample B.
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samples that the growth temperatures were 5008C
or 5208C. Hence, we concluded that the P4 might
come from the ZnCdSe alloy layer.

4. Conclusions

As described above, two kinds of diffusion
existed during the formation of quantum dots.
The surface diffusion might help to form quantum
dots. However, the interdiffusion was found to
prevent the formation of quantum dots.
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