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Wurtzite CdS nanoribbons are prepared by using a simple thermal evaporation method. Electron microscopy

shows that the ribbons are smooth in surface and uniform in size. Besides the intrinsic emission, the photoluminescence

spectrum of a CdS nanoribbon shows a peak at about 580 nm, which may arise from the defect- and the trap- related

transitions. The photoresponse of single CdS nanoribbons is researched. When these nanoribbons are exposed to a laser

with a wavelength of 400 nm, their conductivity is enhanced greatly. The conductivity of CdS nanoribbons cannot be

restored to a value without any illumination even at 5 minutes after the illumination. A model is proposed to explain

this phenomenon, which may be due to a slow photoresponse induced by the trap.
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1. Introduction

Recently, the growing interest has focused on the
construction and the integration of functional nan-
odevices based on the one-dimensional semiconductor
materials. Electrically driven lasers,[1] transistors,[2]

light emission diodes,[3−5] and gas sensors[6] have been
reported and demonstrated well their electronic, op-
tical, photoconducting, and sensor properties. Pho-
todetector is also one of the most important appli-
cations of semiconductor materials. The first single
nanowire photodetectors and optical switches were re-
ported by Yang et al [7] and the conductivity of the
ZnO nanowires was extremely sensitive to ultravio-
let exposure. After that, a lot of coherent work has
been proceeded. So far, the photoconducting proper-
ties of one-dimensional semiconductor materials such
as carbon,[8,9] ZnO,[7,10] SnO2,[11,12] GaN,[13,14] and
CdS[15−17] have been investigated. Among these ma-
terials, CdS is the most suitable for detecting visible
light due to its band gap (2.47 eV) and high sensibility.
However, the defects and the trapping states in sam-
ples may strongly affect carrier dynamics and are dele-

terious for device applications. Up to now, persistent
photoconductivity has been observed in ZnO[18−23]

and GaN,[24−26] and this phenomenon is attributed
to the defects and the trapping states. In the per-
sistent photoconductivity effect, the carrier concen-
tration increases gradually when exposed to the light
and the photocurrent lasts for a long period of time
after illumination. So, studying the effects of defects
and trapping states on photoconductivity may help us
understand the metastable properties of defects and
optimize the properties of devices by improving the
sample quality.

In this paper, CdS nanoribbons are prepared by
using a simple method and the optical and photore-
sponse properties are studied. A model is proposed to
illustrate the slow decay of carriers after illumination.

2. Experiment

The CdS nanoribbons were synthesized by using
the physical evaporation of CdS powder in the pres-
ence of Au catalyst. Several silicon wafers were ultra-
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sonically cleaned in acetone and then a thin Au film
of 10 nm in thickness was coated on each of them by
sputtering. CdS powder was placed in a ceramic boat.
The boat was located in the middle of a quartz tube
of the horizontal tube furnace. Next to the ceramic
boat, several clean silicon wafers coated each with an
Au film were placed downstream of the gas flow. Prior
to heating, high-purity He gas was flown through the
quartz tube to eliminate O2 and avoid any sort of ox-
idization. After about one hour, the gas flow rate was
reduced. The furnace was rapidly heated to 900◦C and
maintained this temperature for one hour. The power
was then switched off, and the quartz tube was cooled
down to room temperature naturally. After vapour
deposition, a yellow product was formed on the sur-
face of Au-coated silicon wafers, which were placed in
the downstream end about 9 cm away from the CdS
source material.

The sample morphology was characterized by
using a field-emission scanning electron microscope
(SEM, Hitachi S-4200), and the sample composi-
tion was analysed by using an energy dispersive x-
ray spectrum (EDS). X-ray powder diffraction (XRD)
data were obtained from a Japan Rigaku D/MAX-
2400 type diffractometer equipped with graphite-
monochromatized Cu Kα radiation (λ=1.54178Å).

Micro-Raman experiments were conducted by using a
Raman scattering spectrometer (LABRAM-HR, JY,
Horiba), with a 514.5 nm line of an Ar+ laser used as
an excitation source. The photoluminescence spec-
trum (PL) was taken on a PTI-C-700 fluorescence
spectrometer, in which a He–Cd laser line (325 nm)
was used as an excitation source.

3. Results and discussion

Figures 1(a) and 1(b) are the typical SEM im-
ages of the as-synthesized product collected from the
silicon wafers. The product is composed of a large
quantity of ribbon-like structures with lengths in a
range of tens of micrometres. The high magnification
SEM image shows that the nanoribbons each have a
width of about 300 nm and a thickness of about 80 nm.
The nanoribbons are uniform in width and thickness
along their length direction. The yellow product de-
posited on the Au-coated silicon surface was identi-
fied as CdS by the XRD. Figure 1(c) shows the XRD
patterns of the product. All the peaks correspond to
the hexagonal wurtzite phase of CdS with lattice con-
stants a=0.414 nm and c=0.672 nm. The peaks match
well

Fig.1. SEM images of the CdS nanoribbons at a low (a) and high (b) magnification power; and XRD

patterns (c) and EDS (d) of CdS nanoribbons.
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with those in the JCPDS card (Joint Committee on
Powder Diffraction Standard, card no. 41–1049). The
elemental compositions of these ribbons were investi-
gated by using an in-situ EDX spectrum. Figure 1(d)
shows the EDX spectrum of the sample, revealing the
chemical purity of the sample with only cadmium and
sulfur elements.

Figure 2(a) shows the microscopic confocal Ra-
man spectrum recorded from a typical CdS nanorib-
bon. The characteristic Raman peaks of the nanorib-
bon is similar to those of a pure crystalline CdS.[27]

These peaks at 300.52 cm−1 and 602.94 cm−1 corre-

spond to the first-order and second-order longitudinal
optical phonon bands of CdS, respectively. The PL
was excited by a 325 nm line of a He–Cd laser. The PL
spectrum of the sample is shown in Fig.2(b). The sam-
ples show an emission band at around 506 nm, which
corresponds to the near band gap emission (2.47 eV).
Besides the intrinsic emission, another emission at
about 580 nm can be found, which may arise from the
defect- and the trap- related transitions.[28] The de-
fects and the trap states are unfavourable to the op-
tical and electronic properties of semiconductor, and
will affect the photoelectric property as well.

Fig.2. The room-temperature micro-Raman spectrum of a single CdS nanoribbon (a) and the

photoluminescence of CdS nanoribbons at room temperature (b).

Figure 3 illustrates single-nanoribbon electrical
characterization by using an atomic force micro-
scope (AFM). Conductive atomic force microscope (C-
AFM) is one of the most successful apparatus, which
can provide us with abundant information of both the
morphological and electronic properties of the mate-
rial. The conductivity of the nanorribon was measured
by applying a small voltage to the conductive AFM
tip (Au plating) positioned directly on the nanorib-
bon. For the fabrication of single nanoribbon devices,
CdS nanoribbons were dispersed on a silicon substrate
(600 nm oxide) with two pre-fabricated Au electrodes.
A frequency-doubled Ti:sapphire laser (400 nm) was
used to provide the monochromatic light, which was
focused and guided on the nanoribbons perpendicu-
larly. We measured ten nanoribbons and the typi-
cal curves were presented. The current-voltage (I–V )
curves of sample with and without light irradiation at
two and five minutes after illumination were measured
and shown in Fig.3, in which the upper-left and the

lower-right insets are an SEM image of the device and
the measurement setup diagram in our experiment,
respectively. The applied voltage ranged from –3.0 V
to +3.0V. It is found from the I–V curves that the
current increases nonlinearly with applied bias. The
curve is symmetrical between the positive and nega-
tive regions of the bias voltage under the above condi-
tions. It is found that the conductance of individual
CdS nanoribbons is poor without any illumination.
When these nanoribbons are exposed to a laser with a
wavelength of 400 nm, their conductivity is enhanced
greatly. The enhancement of conductivity under UV
light illumination is due to the photo-generated car-
riers in the semiconducting nanoribbon as observed
from the optical properties of both bulk and nanoscale
CdS.[29,30] A larger photoresponse was detected at a
higher bias. Unlike any usual photodetector, the cur-
rent cannot be restored to a value without illumina-
tion, even at five minutes after the illumination.
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Fig.3. I–V curves of a CdS nanoribbon measured with-

out any illumination (+), and with an exposure to UV

light at a wavelength of 400 nm (?) at two (4) and five

(◦) minutes after turning off the UV light. The inset in the

upper-left corner shows an SEM image of the nanoribbon

bridging two Au electrodes. The inset in the lower-right

corner shows a schematic diagram of the configuration for

the photoconductive measurement.

The rectified I–V relation confirms the formation
of Schottky junction between a high work-function
metal (Au) and an n-type semiconductor (CdS). The
metal-semiconductor-metal (M-S-M) structure may
be modelled as being composed of two back-to-back
Schottky barriers formed between CdS and Au elec-
trode, in series with a semiconductor having a resis-
tance R. And the curve shape is consistent with the
structure.[31] The current increases nonlinearly with
the bias voltage increasing, which may be concerned
with the barrier formed at the interface between elec-
trode and CdS. Usually, the energy band of CdS bends
upwards near the surface, which may be caused by two
factors. First, the difference in work function between
Au (5.1 eV) and CdS (4.5 eV) leads to the formation
of energy barrier at the interface between metal and
semiconductor, thereby blocking the electrons moving
to the metal and resulting in a high contact resistance
with respect to the semiconductor. Second, when the
CdS is exposed to the ambient air, oxygen is adsorbed
on its surface. The adsorbed oxygen will capture elec-
trons from the CdS and form negatively charged ions
on the CdS surface. This process also leads to the
band bending upward near the semiconductor surface.
After illumination, the adsorbed oxygen is partially re-
leased, which results in the lowering of barrier height
and the enhancing of carrier mobility. So, both the
lowering of barrier height and the increasing of carrier
concentration may lead to a higher conductivity after
illumination.

In the previous reports, the one-dimensional CdS

showed a good photoconductor characteristic of rapid
response time.[15−17] While in our experiment, it is
found that after removing the illumination, the cur-
rent is higher than that without any illumination even
at five minutes after the illumination. Why does there
exist a persistent current? We believe that the persis-
tent current observed may be concerned with the crys-
talline quality of the sample and due to the capture
of holes by deep trap levels formed in the bandgap
as shown schematically in Fig.4. Generally, for an
n-type semiconductor, the intrinsic photoconductiv-
ity is mainly caused by photoexcited electrons. There
may exist a small quantity of impurities and the de-
fects in the material, and the impurities and defects
form recombination centres and trapping centres in
the energy gap according to their property. Though
the numbers of photoexcited electrons and holes are
equal, the holes are trapped by the recombination cen-
tres and trapping centres and so cannot move freely
before their recombination with the electrons. Several
processes may occur in the production and recombina-
tion processes of carriers. An electron is transitioned
from a valence band to a conduction band by absorb-
ing light with an energy equal to or greater than the
band gap of the material, which leaves a hole in the
valence band (1). The photoexcited holes can be cap-
tured by the recombination centre (2) and trapping
centre (3). How are the non-equilibrium carries are
recombed? Usually, there are two kinds of the re-
combination process. One is the direct recombination.
The transition of electrons from a conduction band to
a valence band leads to the direct recombination of
electrons with holes (4). The other is the indirect re-
combination. Capture of a photoexcited electron by a
recombination centre, which has previously captured
a photoexcited hole (2), leads to the recombination of
carriers (5). However, the holes in the trapping centre
cannot recombined directly with the electrons in the
conduction band, because the trapping centre, which
has trapped holes, cannot trap electrons any more.
The holes in the trapping centre may be thermally free
from the valence band (6), trapped by the recombina-
tion centre (2), and then recombination with the elec-
trons in the recombination centre (5). The holes may
follow a series of capture and emission processes before
they are recombined with electrons. Because the pho-
toexcited holes are mainly captured by the trapping
centre, the recombination rate is reduced. At the same
time, the complicated recombination process of the
holes in the trapping centre with the electron leads to
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a slow decay process of photoconductivity along with
a quick decay process by the recombination centre. So,
the trapping, emission, and recombination of photo-
generated holes in a CdS photoresponse device may
cause the persistent photoconductance in this struc-
ture as have been observed for GaN.[24−26] The poorer
crystalline quality of sample is correlated with an in-
creased trapping density and a slow photoresponse to
illumination.

Fig.4. Schematic illustration of the possible processes

that occur during photoconductivity experiments.

4. Conclusions

CdS nanoribbons are prepared by using a simple
thermal evaporation method. Scanning electron mi-
croscopy shows that the ribbons are uniform in size
and smooth in surface. The XRD patterns show that
the as-prepared product is wurtzite CdS. The PL spec-
trum of CdS nanoribbon shows two peaks. One is at
around 506 nm, which corresponds to the near band
gap emission (2.47 eV). The other is at about 580 nm,
which may arise from the defect- and the trap- related
transitions. The photoresponse of single CdS nanorib-
bons were researched without any illumination and
with an illumination, and at a few minutes after the
illumination, separately. The conductivity of these
nanoribbons is enhanced greatly when exposed to a
laser with a wavelength of 400 nm, and it cannot be
restored to a value without any illumination, even at
5 minutes after the illumination. A model is proposed
to explain this phenomenon. The persistent photo-
conductivity may be due to the trapping states in the
sample, which cause a slow response to illumination.
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