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Figure 3: SEM images of (a) CdS nanorods, (b) CdS nanowires, (c) CdS nanobelts, and (d) single-crystalline CdS nanostructures.
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Figure 4: (a) SEM image of CdS intertwined morphology; the inset image shows the different sizes of nanowires. (b) TEM image of
intertwined structure; and (c) HRTEM image of one of the intertwined structures in image (a). (d) The EDX analysis shows that the
intertwined structure consists of cadmium and sulfide. The copper signal is from the TEM grid.
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Figure 5: I-V characteristics of CdS intertwined structures at three
different spots on the same sample.

592◦C to 617◦C; and had an average length of 10 μm and a
diameter of 80 nm. CdS nanobelts (see Figure 3(c)) formed
between 576◦C and 592◦C and had an average belt width of
1 μm and a length of 8 μm. Between 525◦C and 576◦C, small
single crystals were formed, as seen in Figure 3(d).

In this investigation, we also observed the growth of
CdS intertwined structures, shown in Figure 4(a). These
intertwined structures were grown at a relatively lower
temperature range, from 525◦C to 501◦C. Most of the
intertwined structures had a diameter of 500 nm; however,
as indicated by the inset of Figure 4(a), intertwined CdS
nanostructures with a smaller diameter were also formed.
Figure 4(b) shows an area of intertwined structures chosen
for TEM study, while Figure 4(c) demonstrates the single-
crystallinity of the intertwined structures. EDX analysis, as
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Figure 6: Photoluminescence emission spectrum from CdS nanos-
tructures, taken at 300 K and 10 K.

seen in Figure 4(d), suggests that these structures consist of
Cd and S. The Cu signal is from the TEM copper grid.

The intertwined structures were chosen for a study of
electron field-emission behavior because of their unique
structural properties. Even though the intertwined structures
do not appear to possess the sharp tips which normally
lead to good electron field-emission, we have previously
reported field enhancement from rough surfaces [14] and
the intertwined structures were found to be similar in
appearance to structures shown to have desirable emission
characteristics.

Discussion of these results requires the definition of
several parameters. The turn-on and threshold fields of an
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emitter are defined as the macroscopic external field required
to extract a current density of 10 μA/cm2 and 10 mA/cm2,
respectively [15]. Current density J is defined as J = I/α.
Here, I is the emission current in amperes and α is the
emission area of the nanostructures in square centimeters.
The emission area was defined as the area of the anode tip
[16]; since the same anode was used for every experiment,
this definition did not affect the comparison of turn-on and
threshold fields.

During the measurement, a tungsten substrate, rather
than quartz was chosen to support the CdS intertwined
structures as the anode, due to its good conductivity
[3]. From Figure 5, it is evident that the cathode surface
morphology, and consequently field emission performance,
varied throughout the substrate. The results suggest that
the intertwined structures on average have turn-on and
threshold fields of 13.08 V/μm and 22.05 V/μm, respectively.
Both of these numbers are slightly higher than previously
reported from CdS nanowires [17], and much higher than
that reported from “good” emitters like carbon nanotubes
[14]. Because the intertwined structures do not have well-
defined tips, their emission characteristics may not be
expected to match up with nanowires of similar material.

To further understand the optical properties of the
CdS nanostructures, PL measurements were performed. At
300 K, the emission spectrum consisted of a sharp peak at
504 nm, while at 10 K, the spectrum consisted of a sharp
peak at 485 nm (Figure 6). The given emission spectrum was
obtained from CdS nanowires, but the various nanostruc-
tures all had similar emission patterns. These emission peaks
match the photoluminescence spectra previously reported
from CdS nanowires [18]. The 504 nm peak from the
measurement performed at 300 K is the near-band-edge
emission from CdS; no deep-level defect emissions were
observed. When the PL measurements were performed at
10 K, the intensity from the near-band-edge increased, and
a blue shift was evident.

In summary, a method which allows the deposition of
nanostructures with controlled morphologies in small areas
has been demonstrated. Several different high-yield and
uniform CdS nanostructure morphologies were grown at
specific temperature regions over different substrates using
the new compartment arrangement. The TEM analysis veri-
fied that these CdS nanostructures, including the intertwined
structures, were single-crystalline. The field-emission results
of the intertwined structures were comparable to that of
previously reported CdS nanowires, and PL measurements
confirmed an emission spectrum similar to previously
reported spectra from CdS nanowires. It is expected that the
new growth method introduced here will allow us to further
optimize the growth conditions to advance the development
of the controlled fabrication of the nanostructures for
specific electronic applications.
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