
Introduction

Semiconductor nanowires and nanoribbons are being

considered as the basis of a variety of device technol-

ogies. Recently, ZnO nanowire ultraviolet photode-

tectors and optical switches have been investigated [1].

The results suggest that they are good candidates for

optoelectronic switches. Zhou et al. [2] reported the

UV response of SnO2 nanowires and observed a strong

modulation of the conductance in SnO2 nanowire by

UV illumination. CdS is an important semiconductor

with a direct band gap of 2.42 eV that falls in the vis-

ible region at room temperature. CdS thin films have

excellent photoconductive properties and were used in

a large number of solid-state device applications such

as photoconductive (PC) detection, xerography, photo-

voltaic solar energy conversion, and thin-film transistor

electronics. But up to now, only a relatively small effort

has been paid to study the photoconductance of CdS

nanoribbons [3] and a single nanowire [4], no one

reported the photoconductance of a single CdS nano-

ribbon. Our objective was to synthesize high-quality

CdS nanoribbons, which is a necessary requirement for

obtaining fast response optoelectronic device and

investigate PC properties of a single CdS nanoribbon.

Experimental and results

CdS nanoribbons with single-crystalline structure were

synthesized by thermal evaporation of CdS powders in

three-zone furnace [5]. The CdS powders was placed

in the middle of zones II, while the silicon substrates

coated with 20 Å gold film were placed in the middle

of zones II. After the tube was evacuated by a turbo-

molecular pump to a pressure of 8 · 10–4 Pa, argon was

flowed at 15 sccm from zone I to III. The temperatures

at the center of the three zones were increased within

30 min to 700, 880, and 400 �C, respectively, and held

at these temperatures for 2 h. The pressure was

maintained at ~12000 Pa. After the furnace was cooled

to room temperature, a yellow wool-like material was

deposited on the silicon substrate.

Samples collected from the silicon substrates were

characterized by scanning electron microscopy (SEM;

Philips XL 30 FEG), and high-resolution transmission

electron microscopy (HRTEM; CM200 FEG, operated

at 200 kV). Figure 1a is the scanning electron micro-

scope (SEM) images of the synthesized CdS nanorib-

bons. The width and thickness of the ribbons are in the

range of 5–10 lm and 65 nm, respectively. The corre-

sponding high-resolution TEM (HRTEM) image of

one CdS nanoribbon is shown in Fig. 2b, revealing the

hexagonal structure of CdS. The lattice spacing of

3.54 Å and 6.68 Å corresponds to the (1000) and (0001)

crystal planes, respectively. No dislocation and other

defects were observed in the CdS nanoribbons,
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indicating that these nanoribbons are perfect single

crystals.

ITO film was grown on the surface of glass and then

some isolated gaps (its width was 50 nm) were pat-

terned by lithography. ITO patterns were described as

schematically shown in Fig. 2a. The preparation

processes were as follows: First, CdS nanoribbons were

scratched by tweezers and some products were dis-

persed in ethanol. Then a few drops of the resulting

suspensions were dropped onto an ITO pattern sub-

strate. The CdS nanoribbon flatly lain on the ITO

substrate was chosen by optical microscope to measure

its photoconductive properties. The surface of ITO is

very smooth and ethanol evaporates easily, so the

contact of between CdS nanoribbons and ITO is good.

Thus the device was obtained. A simulated solar

Fig. 1 SEM images of the as-synthesized CdS nanoribbons (a)
and High-resolution TEM image of one CdS nanoribbon (b)

Fig. 2 Schematic illustration of ITO patterns (a); I–V curves of a
single CdS nanoribbon in the dark and under incandescent light
illumination, the inset is the measured CdS nanoribbon on the
ITO (b), and Photocondutance of a single CdS nanoribbon under
incandescent light illumination of 2.45 mW/cm2 with a period of
20 s ON & 20 s OFF (c)
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radiation has been used as excitation source and a

prism monochromator was used for obtaining mono-

chromic light. The photocurrents were measured by a

home-built system of City University of HongKong

with a digital multimeter. An optical microscope was

attached to this system so that the position of CdS

nanoribbon was well observed. Applied voltage has

been done using a regulated power supply. Due to the

low response of our I–V instrument, a resistant is

connected to CdS nanoribbon in series so that the

photoconductance rise time and decay time of CdS

nanoribbon can be measured by the oscilloscope.

Fig. 2b displayed the current–voltage curves of a

single CdS nanoribbon recorded in air under an incan-

descent light illumination intensity of 2.45 mW/cm2

as well as in dark. Both of the I–V curves showed

nearly a linear feature, which revealed that the ohmic

contact of both CdS nanoribbon and ITO was

achieved. The photocurrent in dark was much lower

than that under an incandescent light illumination,

which indicated that CdS nanoribbon has excellent

light response. Inset of Fig. 2b showed the photograph

of the measured CdS nanoribbon on the ITO (the

width of gap was 50 nm). The width of CdS nanoribbon

was 25 nm.

Fig. 2c showed the current measured over time of a

single CdS nanoribbon at a constant V = 3 V, and the

photoconductance modulation were induced by turn-

ing a shutter for the incandescent light ON and OFF

10 times. The used incandescent light intensity was

2.45 mW/cm2. The duration of ON and OFF time was

20 s. The current was observed to increase dramatically

and stabilize at high-conductance ‘‘ON’’ state under

incandescent light illumination; whereas it decreased

quickly and landed at a low-conductance ‘‘OFF’’ state

after the incandescent light was blocked. The photo-

current was from ~1.1 pA to 7.5 lA, i.e. the current

density is from 8.5 · 10–2 to 2.8 · 105 A/cm2, which

exhibited good switch properties. The relative photo-

sensitivity factor S, defined by

S ¼ Dr=rd ¼ ðRd � RiÞ=Ri

where Rd and Ri represent dark resistance and resistance

under illumination. In single CdS nanoribbon the value

of S is found to be as high as 105 under the incandescent

light illumination intensity of 2.45 mW/cm2. Therefore,

one nanoribbon can be used as one switch. In addition,

we also checked the reliability of CdS nanoribbon and

found that it was stored in air after two months; its

photoconductance did not decrease.

For comparison, we study the effect of different

wavelength on CdS nanoribbon, many monochromic

light are obtained from simulated solar by monochro-

mator. Figure 3a is I–V curves of a single nanoribbon

under different wavelength light illumination, which is

normalized by IPC � P0.8 (IPC is photocurrent, P is

the power density of illumination) [6]. The I–V

Fig. 3 I–V curves of a single CdS nanoribbon of different
wavelength light obtained from simulated solar irradiation
by monochromator (a), and photoconductance comparison
of 512 nm light under different powder density and applied
voltage (b)
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characteristics have been found to be nearly linear

within the voltage range of study. It is also found that

photoconductance of a single CdS nanoribbon under

different wavelength light illumination are different

and among them the photoconductance under 512 nm

monochromatic light is the largest. In addition, the

current-time of a single CdS nanoribbon at constant

V = 3 V and 5 V is measured, as shown in Fig. 3b, and

the photoconductance modulation are induced by

turning a shutter for the 512 nm light ON and OFF

10 times. The used intensities of light illumination are

2.45 and 1.84 mW/cm2, respectively and the results are

also shown in Fig. 3b. This figure shows that the

behavior of photocurrent with time at different inten-

sity and different applied voltage is similar to that in

Fig. 2c. The value of S is up to 107 and the highest

current density is up to 2.1 · 106 A/cm2. Compared to

those under incandescent light, the value of S is en-

hanced by two orders. The reason will be analyzed in

the following paragraph.

We further analyze the current–time behaviors of

the CdS nanoribbon and find that under the same

illumination intensity the ratio of the photocurrent

magnitude at 5 V to that at 3 V is 1.72, showing a

nearly linear dependence on the applied voltage

because the ratio of 5 V to 3 V equals to 1.67. At the

same applied voltage, the ratio of the photocurrent

magnitude under the illumination intensity of

2.45 mW/cm2 to that under illumination intensity of

1.84 mW/cm2 is 1.21. It almost satisfies the relationship

of IPC�P0.8 [6], which indicated that the photocon-

ductance was related to electron-hole generation,

trapping, and recombination within the semiconduc-

tor.We also noticed that the I–V relationship of Fig. 2b

and 3a is not linear over the whole applied voltage

range covered and that the lines are not straight and

there are some noises on them at high-conductance

‘‘ON’’ state of Fig. 2c and 3b. It may be due to the

temperature fluctuation and the difference of illumi-

nation intensity induced by the applied voltage fluctu-

ation. Based on our experiment the latter is main

factor led to the above-mentioned results.

Figure 4 is the voltage rise and decay edge of a

resistant, which is measured by the oscilloscope. It re-

flects the photoconductance rise time and decay time

of CdS nanoribbon. With and without 512 nm light

illumination intensity of 2.45 mW/cm2, the voltage of

the resistant changes from 0 to 4 V. It is seen that the

transient time of ‘‘ON’’ and ‘‘OFF’’ state is very sharp

and easily measured that the rise and decay time are

551 ls and 1.093 ms, respectively. The values are faster

than those of bulk CdS single crystal and film [3, 7–9].

If the used light illumination intensity is increased, the

rise and decay time will further become shorter.

The reason of the rise and decay time measured by the

oscilloscope is that it is impossible to well and truly

measure the rise and decay time of CdS nanoribbon

from I–V curves of CdS nanoribbon (Figs. 2c and 3b)

because of the slow response of our I–V measurement

instrument.

Compared to other results of CdS belts and film [3,

7–9], not only have we measured the photoconduc-

tance of a single CdS nanoribbon but also the photo-

to-dark conductance ratio, i.e. S was the highest,

whereas the used illumination intensity is much smaller

than that of their experiments [3, 7–9]. More impor-

tantly, the rise time and decay time were the shortest.

This is very important in fabricating optoelectronic

switches, light amplifiers, and counting circuits.

As to the photoconductance mechanism, it is gen-

erally accepted that the photoconductance in the CdS

films is mainly ascribed to photogenerated electrons,

the adsorption and desorption of the chemisorbed

oxygen on the surface of CdS [10]. N-type CdS films

are especially susceptible to O2 adsorption effect [11–

13]. If there are some effects on the CdS nanoribbon,

physically adsorbed O2 can take an electron from

material to form a chemically adsorbed surface

state.Photoconductance rph can be expressed as this

formula [14]

rph ¼ eGlnsn ð1Þ

Fig. 4 The voltage rise and decay edge of a resistant under
512 nm light illumination intensity of 2.45 mW/cm2

J Mater Sci (2006) 41:6492–6496 6495

123



where rph is the photoconductance; e is the electronic

charge, G is the photocarrier generation rate, and ln is

the electron mobility, sn is the free lifetime of the

photogenerated electrons. Based on these, the photo-

conductance mechanism of CdS nanoribbon can be

described as follows: Upon light illumination, on the

one hand the photocarriers are generated, accordingly

G increased. Simultaneously, the electron mobility of

CdS nanoribbon is also increased. For CdS, the elec-

tron Hall mobility upon illumination has been detected

to increase two orders of magnitude [15] and the

electron mobility is up to 340 cm2 V–1 s–1 [16]. On

the other hand CdS nanoribbon is very thin and almost

has no microstructure defects in it. However, O2
– and

O- adsorb on the surface of the nanoribbon and lead to

the formation of barriers at the adsorbate sites. The

absorbed oxygen is subsequently released due to light

illumination, which reduces the barrier height, thereby

promoting the electron transport. Therefore the

photoconductance of CdS nanoribbon under illumina-

tion is increased by many orders. Thus, the photocon-

ductance of CdS nanoribbon is larger than that of its

counterpart films whereas the rise time and decay time

are shorter than those of CdS films. We may explain

these results as this: for CdS films [7–9], they contained

impurities and then these impurities created defect

states, which may act as recombination centers and

traps. The recombination process reduced the lifetime

of the charged carriers in the conduction or valence

band, and therefore the photoconductance is reduced

[17], whereas the traps retain electrons for a consid-

erable time and hence the rise time and decay time of

photoconductance became slow. In addition, CdS

nanoribbons are perfect single crystals. These crystals

may have a decisive role in the characteristics and may

be partly responsible for the peculiar photoconduc-

tance. This may be revealed in a more thorough

investigation.

Now, we may return to explain the other experi-

mental phenomena. Exposure of CdS nanoribbons to

irradiation at 512 nm wavelength would typically cor-

respond to the highest photoconductivity due to an

interband charge carrier generation [18]. It is assumed

that the largest photoconductive component under

512 nm light illumination (Fig. 3) is related to the

interband excitations in the CdS nanoribbon. There-

fore, the photoconductance of the CdS nanoribbon

under 512 nm light illumination is much improved.

Studies of other factors leading to high photoconduc-

tance and improving photoconductance are underway.

Conclusions

In summary, photoconductance of a single CdS nano-

ribbon was measured under an incandescent light

illumination and 512 nm light illumination by using

ITO as electrodes. For CdS single crystal nanoribbon,

ITO is a good electrode. It is also found that the photo-

to-dark conductance ratios of a single CdS nanoribbon

were 105 and 107 under incandescent light illumination

and 512 nm light irradiation. The photoconductance

rise and decay time of CdS nanoribbon under 512 nm

light illumination are 551 ls and 1.093 ms, respec-

tively. The high photoconductance, the short rise time

and decay time are very important for CdS nanoribbon

used in the field of optoelectron and other fields.
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