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Abstract CdTe nanocrystals were grown on eroded Si
(111) substrates at room temperature by pulsed laser ablation. Before growth, Si substrates were subjected to different
erosion time in order to investigate the effect on the CdTe
samples. The erosion process consists of exposition to a
pulsed high-voltage electric arc. The surface consequence of
the erosion process consists of Si nanoparticles which acted
as a template for the growth of CdTe nanocrystals. CdTe
samples were studied by X-ray diffraction (XRD), room
temperature photoluminescence (RT PL) and high-resolution transmission electron microscopy (HRTEM). CdTe
nanocrystals grew in the stable cubic phase, according to
XRD spectra. A strong visible emission was detected in
photoluminescence (PL) experiments. The PL signal was
centered at 540 nm (*2.34 eV). With the effective mass
approximation, the size of the CdTe crystals was estimated
around 3.5 nm. HRTEM images corroborated the physical
characteristics of CdTe nanocrystals. These results could be
useful for the development of CdTe optoelectronic devices.

1 Introduction
Since the discovery that nanocrystalline materials have interesting physical properties, these materials have found many
applications. Recently, II–VI compounds synthesized at
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nanometric scale have been considered as building blocks [1, 2]
to construct and design nanoscale photonic devices and sensors
[3–9]. In the field of renewable energy it was estimated that with
CdTe and CdS nanocrystals applied in the tailoring of solar
conversion devices, the efficiency could increase considerably
beyond the Shockley–Queisser limit in the near future [10]. The
impact of CdTe synthesized at nanometric dimensions in biotechnology and health care sciences has been successfully
proven with the development of optical chemosensors and
biosensors [11–13]. In general, the potential applications of
CdTe nanocrystals with controlled physical dimensions are
unlimited, and this is the reason the study of their characteristics
becomes important. On the other hand, the erosion by highvoltage electrical arc discharge is a simple low-cost method that
modifies the electronic properties of semiconductor materials.
The technique consists in applying a pulsed high voltage
between a polarized needle, which works as anode, and a
substrate biased as cathode [14, 15]. The morphology observed
in the processed materials by this technique presents a number
of holes and a large quantity of grains. The dimensions of the
grains depend on experimental conditions involved in the
process, such as: surrounding atmosphere, temperature, voltage, among others. For this work, Si nanoparticles produced on
the eroded Si (111) surface were used as a template for the
growth of CdTe nanocrystals. CdTe nanocrystals were deposited by pulsed laser ablation (PLA). The interest of this work
was the development of CdTe nanocrystals on the well-established Si technology to promote the development of optoelectronic devices at nanometric scale.

2 Experiment
The (111) surface of Si substrates, doped with boron, with a
resistivity of 0.01 ohm-cm were used in the experiments.

123

1040

A. Guillén-Cervantes et al.

The Si (111) substrates were chemically cleaned in HF
before the erosion process. The substrates were subjected to
erosion with a pulsed power supply working at 12 kV and a
frequency of 11 kHz. The positive high-voltage terminal
was applied to a tungsten wire whose tip was separated
1 mm from the Si substrates which were connected to the
negative terminal of the power supply. The erosion of the
samples was performed in air, at room temperature varying
the erosion time from 3 to 30 min. After this process, eroded Si (111) substrates were loaded into the pulsed laser
ablation chamber. High purity (99.99 %) CdTe powders
were employed to form the target. Depositions were carried
out at room temperature under an Ar atmosphere. The
pressure in the deposition chamber during growth was
10-4 T. Films were deposited with a Nd:Yag laser at
1,064 nm using a pulse width of 5 ns and repetition rate of
10 Hz with a laser fluence of 2 J/cm2. The separation
between the target material and the substrates was 2 cm.
The growth time was 5 min; with these conditions, CdTe
films of 1 lm are grown on the conventional substrates. The
crystalline structure of the films was determined by X-ray
diffraction (XRD) in a Siemens D-5,000 equipment with the
Cu–Ka line with a wavelength of 1.5406 Å. For the RT PL
measurements, an Omnichrome He–Cd laser with the
325 nm line and optical excitation power of 15 mW was
employed at room temperature. The emission signal was
focalized to the entrance of a Jobin–Yvon HRD-100
monochromator and detected with an Ag–Cs–O Hamamatsu photomultiplier. High-resolution transmission electron
images were performed in a Jeol 2010 microscope at
200 kV. CdTe specimens were detached from the films and
attached to standard copper grids to image the
nanoparticles.

Fig. 1 XRD patterms of CdTe nanocrystals grown by laser ablation
on eroded Si (111) substrates. Note the CdTe signals correspond to
cubic phase
Table 1 Interplanar distance of the different planes of the CdTe
nanoparticles
CdTe plane

Estimated interplanar
´
distance (Å)

(111)

3.75

(220)

2.29

(311)

1.95

3 Results and discussion
The XRD patterns of CdTe films grown on Si (111) substrates by PLA deposition are displayed in Fig. 1. Before
growth, Si (111) substrates were eroded with an electric arc
discharge at different time indicated in the figure. In general, the spectra present signals at 23.68°, 39.26° and
46.42°. These signals were assigned to the (111), (220) and
(311) planes, respectively, of CdTe in cubic phase [16, 17].
An additional feature appeared in the spectra; the peak
centered at 28.36° corresponds to a reflection of Si (111)
due to the substrate (ICDD Data Card 00-001-0787).
The predominant intensity of the (111) planes suggests
samples grew with preferential orientation. From the peaks
position and with the following formula [18]:
d¼

nk
2 sin h
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Fig. 2 RT PL of CdTe nanocrystals deposited on eroded Si
substrates. An intense signal centered at 540 nm (2.3 eV) can be
distinguished and is due to CdTe nanocrystals. A shoulder peaked at
2.91 eV can be ascribed to Si nanoparticles

where n is the order of the reflection, k is the wavelength of
the X-ray source, h is the angle and d refers to interplanar
distance, the interplanar distance for the different planes was
evaluated; results are summarized in Table 1. The lattice
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Fig. 3 TEM image of CdTe
nanocrystals grown on a Si
substrate by pulsed laser
ablation deposition

constant a calculated was 6.49 Å, and this result is consistent
with the reported values [19], for CdTe in cubic phase.
The RT PL spectra of the CdTe nanoparticles deposited
by PLA on eroded Si (111) substrates are depicted in
Fig. 2. In the spectra, a broad signal centered at 540 nm
(2.34 eV) can be observed.
The RT PL intensity of this signal increases as a function of the erosion time in the substrates. From the figure,
note that CdTe samples grown on Si substrates with less
erosion time show a weaker intensity in the RT PL emission, and this is the case for samples with 3, 5 and 10 min.
Samples deposited on those substrates with 20 and 30 min
of exposition to the electric arc present the most intense RT
PL signal. In the spectra, another feature detected at
440 nm (2.91 eV) was assigned to porous Si [20]. From the
RT PL spectra and with the effective mass approximation
[21],


2p2 h2 1
1
3:572e2
EðDÞ ¼ Eg þ
þ

me mh
D
D
the size of the nanoparticles was calculated, where E(D) is
the center energy of the emission band, Eg is the bulk CdTe
band gap considered as 1.49 eV, m*e and m*h are the effective mass of the CdTe electrons and holes, respectively, e is
the CdTe dielectric constant and, finally, D is the diameter
of the nanoparticles. The calculated value was 3.5 nm, and
our results show agreement with those reported previously
[22–26].
An important remark should be mentioned considering
the RT PL spectra shown in Fig. 2, the emission centered at
540 nm (2.3 eV) associated to CdTe nanocrystals does not
shift in spite the difference in erosion time substrates were

subjected to, besides, the intensity, as aforementioned,
increases as a function of the erosion time. This fact indicates that nanoparticles are generated immediately since the
early stages of the erosion process and suggests also that
when the erosion time increases the number of nanoparticles increases drastically on the surface of the Si substrates.
The Si nanoparticles, consequence of the erosion process,
acted as a template for the synthesis of CdTe nanocrystals
deposited by PLA. The result is a strong increase in the RT
PL signal. Even at reduced erosion times, nanoparticles
with the same distribution in size can be produced with the
electric arc erosion process. The experiments reported in
this work represent a low-cost process to produce nanoparticles on Si substrates and compatible with most of the
techniques to grow II–VI materials.
Figure 3 is a HRTEM image of the CdTe nanocrystals
deposited by PLA on eroded Si substrates. The image
shows the physical dimensions and morphology of the
nanoparticles, note the spherical shape, according to the
scale the nanoparticles have around 4 nm in diameter. The
dimensions coincide with the calculated size estimated
from XRD and RT PL analyses. An image of the crystalline
structure of the CdTe nanocrystals is presented in Fig. 3.
From this HRTEM image, the interplanar lattice distance
´
was evaluated in 3.7 Å a value in agreement with that
reported in literature for the (111) planes in CdTe [27].

4 Conclusions
CdTe nanocrystals were deposited by PLA on Si (111)
eroded substrates. Before growth, Si substrates were
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subjected to a high-voltage electric arc to produce nanograins. Si nanograins acted as a template for the growth of
CdTe nanocrystals. Results showed a strong RT PL emission on samples grown on substrates exposed for 20 and
30 min to erosion process. The RT PL signal in the visible
region centered at 540 nm. These samples are potentially
useful for the development of light emission devices tailored on Si technology.
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