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Structural and optoelectronic properties of as-synthesized SnO; nanowires were examined in
this study. The SnO; nanowires were first synthesized by thermal evaporation of ball-milled
SnO, powders in argon atmosphere without the presence of any catalysts, and their structural
properties are then investigated by X-ray diffraction, Raman scattering, scanning electron
microscopy, and transmission electron microscopy. This investigation revealed that the
synthesized SnO, nanowires are single-crystalline and that their growth direction is parallel to
the [100] direction. In addition, photoresponse of a single SnO; nanowire was performed with
light with above-gap energy, and different characteristics of photoresponses were obtained for
the nanowire at ambient atmosphere and in vacuum. The photoresponse mechanism is briefly

discussed in this paper.
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1. INTRODUCTION

Wide-bandgap SnO, semiconducting material (E, =
5.6 eV at room temperature) is one of the attractive
vandidates for optoelectronic devices operating at room
temperature, gas sensors, and transparent conducting
electrodes[1,2]. The synthesis and gas sensing properties
of semiconducting SnO, nanomaterials have became one
of important research issues since the first synthesis of
$n0O, nanobelts by Wang group{3]. Recently, a
considerable number of studies have been reported on
the synthesis of SnO, nanomaterials (nanowires,
nanorods, and nanobelts etc.) using laser ablation[4],
thermal decomposition[5], thermal evaporation[6,7],
rapid oxidation{8], and redox reaction[9], yet there are a
few reports on the gas sensing and optoelectronic
properties of SnO, nanowires. In this study, SnO,
nanowires were first grown on a Si (100) substrate from
thermal evaporation of ball-milled SnO, powders
without the presence of any catalysts. The structural and
optoelectronic properties of the as-synthesized SnO,
nanowires are then examined by X-ray diffraction
(XRD), field emission scanning electron microscopy
(FE-SEM), transmission electron microscopy (TEM),
Kaman scattering, and photoresponse. In addition, the
photoresponse mechanism is briefly discussed in this

paper.

2. EXPERIMENTAL PROCEDURE

SnO, powders were used for synthesizing nanowires
under study. The starting SnO, powders were first ground
for 20 hours in a mechanical ball mill system using a steel
vial with 100 stainless steel balls in which the mixture ratio
of steel balls and the SnO, powders was 15:1 in weight
percents. An alumina boat containing the ball-milled
SnO, powders was then loaded into the center of a
horizontal alumina tube and a 5xSmm-sized silicon
substrate was put at the downstream end of the alumina
tube. The thermal evaporation of the ball-milled SnO,
powders was performed at 1380 ‘C for 2 hours with an
argon flow rate of 500 standard cubic centimeters per
minute (sccm). The as-synthesized products were
characterized by XRD (RIGAKU, D/MAX-[JA) with
CuKot (A=1.54184 A) radiation, FE-SEM (HITACHLI, S-
4700), TEM (JEOL, JEM-2010) for the analysis of their
nanostructure.  For the optoelectronic studies, Ti/Au
metals were deposited onto a degenerately doped silicon
wafer covered with a 100-nm thick ALQO; film for the
preparation of electrodes. After the sonication of the SnO,
nanowires for 20 seconds in methanol, these nanowires
were dispersed onto two Ti/Au electrodes. Photocurrent
measurement was made for a single SnO, nanowire in air
or in vacuum at 300 K. The light source for this
measurement was the 325 nm-wavelength line from a He-
Cd laser; the power density of the light was 10 mW/cm?.
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3. RESULTS AND DISCUSSION

Figure 1 shows the SEM image (a) of SnO, nanowires
synthesized from the thermal evaporation of the ball-
milled SnO, powders and the distribution (b) of the
diameters of these nanowires. Our SEM analysis was
performed over fifty nanowires to obtain the distribution
shown in Fig. 1(b). The SnO, nanowires are in the range
of 10 to 120 nm in diameter, and the mean diameter
obtained from the distribution is about 40 nm. And
their length ranges from 10 to 70 pm.,
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Fig. 1. SEM image (a) and diameter distribution (b) of
as-synthesized SnO; nanowires.

Figure 2 shows the XRD patterns of the starting SnO;
powders and the as-synthesized SnO; nanowires (a) and
their magnified patterns (b). The XRD pattern of the
SnO, powders is indexed to the tetragonal rutile
structure with lattice constants of a=0.473 nm and
¢=0.318 nm from JCPDS card (41-1444). The
representative XRD pattern of the SnO, nanowires is
identical to that of the SnO, powders, indicating that
these nanowires are indeed SnO,. In addition, a careful
comparison between the magnified XRD patterns in Fig.
2(b) reveals that three XRD peaks for the SnO,
nanowires are shifted to the lower diffraction angle, as
compared with the SnO, powders; the shift is A(20) =
0.09, 0.1, and 0.06 degrees for the (110), (101), and
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(200) peaks, respectively. This shift of the XRD peaks
toward the lower Bragg angle means the larger distances
between the neighboring lattice planes for the SnO,
nanowires than those for the SnO, powders. This
observation indicates that the SnQO, nanowires ex-
perience tensile stress, compared with the SnO, powders.
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Fig. 2. XRD patterns of SnO, powders and as-synthesized
SnO- nanowires (a) and their magnified patterns (b).

Figure 3 shows the room-temperature Raman
scattering spectra of the starting SnO, powders and the
SnO, nanowires, respectively. The Raman peaks of the
starting SnO, powders are detected at 474, 636, and 776
cm'l, corresponding to the Eg, Ay, and B, vibration
modes of rutile bulk SnO,, respectively [5,6,10]. For the
SnO, nanowires, the Raman peaks are down-shifted,
compared with the SnO, powders; the E;, Ajq, and By,
vibration modes are present at 473, 634, and 767 cm’™,
respectively. This shift is more associated with the size
effect rather than the stress effect; a small dimension of
the nanowires leads to a downshift of the Raman peaks
[11], and for the nanowires under tensile stress Raman
peaks are shifted toward higher frequency region[12].
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Fig. 3. Raman spectra of as-synthesized SnO; nanowires
and SnO, powders.
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Fig. 4. TEM (a) and HRTEM (b) images of a selected
%n0, nanowire, and its associated EDX spectrum (c); its
SAED pattern is given in the inset.
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Figure 4 shows the TEM (a) and the high-resolution
TEM (HRTEM) images (b) of a selected SnO, nanowire,
and its associated EDX spectrum (c). The TEM image
of Fig. 4(a) shows the straight-line morphology with a
diameter of about 20nm. The inset of Fig. 4(a) shows a
representative selected-area electron diffraction (SAED)
pattern taken from this SnO, nanowire. In the SAED
pattern, the direction of the zone axis is indexed to be the
[001] direction for the nanowire. The SAED pattern
demonstrates the single-crystalline spots and the growth
direction parallel to the [100] direction. The HRTEM
image of Fig. 4(b) shows that the nanowire is structurally
uniform, and its clear lattice fringe illustrates that the
nanowire is single-crystalline, and dislocation and point
defects free.
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Fig. 5. Photoresponse of a single SnO, nanowire in air (a)
and in vacuum (b) at a bias voltage of 1.0 V; the inset shows the
single SnO» nanowire lying two electrodes.

The interplanar spacing of the selected nanowire is
about 047 nm, corresponding to the distance of the
neighboring (100) planes in tetragonal rutile SnO,
structure. In the EDX spectrum depicted in Fig. 4(c), only
peaks associated with Sn and O elements are present and
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any other Fe- or Cr-related peaks are absent. The ball-
milled SnO; powders were significantly contaminated by
Fe and Cr metal particles coming from stainless steel balls
while milling, yet the EDX spectrum reveals that the
relatively purified SnO, nanowires were synthesized from
the contaminated SnO, powders.

Figure 5 shows the photoresponse of a single SnO,
nanowire in air (a) and in vacuum (b) at a bias voltage of
1.0 V; the inset of Fig. 5(b) shows the single nanowire
lying on two electrodes. For the single nanowire in air
(Fig. 5(a)), the photocurrent was increased rapidly when
the 325 nm-wavelength light was switched on, and it
was saturated. After the light was switched off, the
current was decayed to about one hundredth of the
saturated value within 100~300 seconds. In contrast,
for the single nanowire in vacuum (Fig. 5(b)), the
photocurrent was gradually increased in 2000 seconds
without the saturation under the illumination of the light
to a value larger than the saturated one in air by 150
times in magnitude. After the light was turned off, the
current was decreased slowly, compared with the
nanowire in air. When the air was introduced, the current
was decreased rapidly.

It has been well-known that the photoresponse of n-
type oxide semiconductors is controlled by surface
effects such as oxygen adsorption under dark conditions
by trapping electrons (0,(g)+e — 0;(ad)) and photo-
desorption of oxygen ions by capturing photogenerated
holes (n* +0; (ad) — 0,(g))[13, 14]. The adsorption and

photodesorption mechanism may be applicable to the
SnO; nanowire under study. On the basis of the
established photocurrent mechanism of n-type oxide
semiconductors, the observed photoresponse of the SnO;
nanowire may be explained. For the SnO, nanowire in
air, negatively charged oxygen ions are detached from
their surface by capturing holes generated under the
illumination, leading to a thinning of the depletion layer
near their surface. The thinning of the depletion layer
allows more number of electrons to transport inside the
nanowire, causing the rise of the photocurrent. The
saturated photocusrent observed in the nanowire in air
under the illumination originates from the equilibrium
that the number of the oxygen ions adsorbed on the
surface from air is the same as the number of the
photodesorbed oxygen ions escaped from the surface to
air. For the nanowire in vacuum under the illumination,
the photocurrent increases without saturation since the
depletion layer narrows continuously due to the con-
tinuous photodesorption of oxygen ions. When oxygen
is introduced to the nanowire initially in vacuum in dark,
the current is decayed more rapidly due to the extension
of the depletion layer caused by the introduction of the
negatively charged oxygen ions than the nanowire in
vacuum in dark.
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4. CONCLUSION

SnO; nanowires synthesized from the ball-milled
SnO, powders without the presence of any catalysts are
in the range of 10 to 120 nm in diameter and in the range
of 10 to 70 um in length. These synthesized SnO,
nanowires are single-crystalline and their growth
direction is parallel to the [100] direction. Our XRD
study indicates that the SnO, nanowires experience
tensile stress, compared with the SnO, powders, yet the
shift of the Raman scattering peaks to lower frequency is
more associated with the size effect rather than the stress
effect. For the single nanowire in air, the photocurrent
was increased rapidly under the illumination, and it was
saturated. In contrast, for the single nanowire in vacuum,
the photocurrent was increased without the saturation
under the illumination of the light. The observed
photoresponse of the SnO; nanowire may be explained
on the basis of the established photocurrent mechanism
of n-type oxide semiconductors.
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