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Ag-induced a New Raman Mode in ZnO Microrods
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The chemical vapor deposition technique was used to prepare the Ag doped ZnO microrods, which were located on Si
substrates at two different positions. The scanning electron microscopy revealed that the samples have a clear hexagonal
shape. X-ray diffraction provided information about the preferential orientation along the c-axis. The Raman analysis
revealed that a new Raman mode appears at 492 cm™ due to Ag doping. As this mode has not been reported early, it
could be used as a characteristic mode of Ag doping in Raman spectrum. The red shift of the E2 (high) mode proves the

existence of tensile stress in the samples.
Keywords: ZnO microrods, Ag doping, Raman spectrum.

1. INTRODUCTION

Because of the wide band gap and relatively large
exciton binding energy, ZnO has stimulated a range of
research interests for short wavelength optoelectronic
devices [1], surface acoustic waveguides [2], solar cells
[3], gas sensors [4], and some piezoelectric devices [5].
There has been a lot of efforts to find out the physical,
optical, and electrical properties of nano structures, even in
the applications in constructing micro-nano scale
electronic or optoelectronic devices. To date, many ZnO
nanostructures have been constructed, such as nanorods,
nanotubes, nanoplates, nanonails, and nanowires. Many
dopants, such as Ag and Cu, have been used to adjust the
properties of ZnO nanostructures [6, 7]. As an element of
group-IB, Ag can act as acceptor in ZnO, which can
occupy the substitutional Zn or the interstitial sites [8].

The properties of the doped ZnO micro-nanostructures
are strongly dependent upon the deposition method, doping
elements, substrate, and intrinsic defects [9]. Many
synthesis techniques are applied to prepare doped ZnO,
such as the electrochemical solution method [10], modified
thermal-evaporation process [11], aqueous-based chemical
method [12], and chemical vapor deposition [13]. The
chemical vapor deposition (CVD) method is a much
simpler technique under stable and reproducible conditions
when compared to the other techniques [14]. Furthermore,
the Raman scattering technique is a non-destructive and
valuable test to study the phonon behavior of doped ZnO
materials. It can also provide the lattice dynamics, defects,
and information of the crystal structure.

In this paper, the Ag doped ZnO microrods (AZMR)
were synthesized by Chemical Vapor Deposition (CVD)
method on Si substrates. The influence of Ag elements on
morphologies and Raman properties were thoroughly
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studied. Raman spectra reveals that due to Ag doping there
is a vibrational mode at 492 cm?, which has not been
reported by other researchers.

2. EXPERIMENTAL DETAILS

The horizontal tube furnace equipment was used to
deposit the AZMR on Si substrate by the CVD method.
The CVD system was composed of three parts: a gas
controller, a temperature control system, and a horizontal
tube furnace. Fig.1 shows the illustration of the
experimental system. A mixture powder of ZnO (2 g),
graphite (0.4 g), and Ag20 (2 g), which each act as a
reaction source, were placed at one end of a quartz tube
(diameter 3 cm, length 35 cm). The two Si substrates were
placed downstream of the mixture powders, with sample a
being placed 10 cm away from the mixture powders and
sample b being placed 30 cm away.

While amidst a mixture gas of N, and O, (100 sccm
for N2 and 40 sccm for O2), the growth temperature of the
mixture powders was maintained at a temperature of
950 °C for 60 minutes. The furnace system was chill-down
to room temperature with constant flow of N, after growth.
Subsequently, AZMR was found on the surface of sample
a, and Ag doped ZnO micromultiple (AZMM) was found
on the surface of sample b.

The morphology of the sample was studies in a Hitachi
SU1510 scanning electron microscope (SEM) operating at
20 kV. The energy dispersive X-ray spectroscopy (EDS)
attached to the SEM was used to analyze elemental
composition. The structural properties were analysed by X-
ray diffraction (XRD; RigakuD/max3B), which was
performed in a 6-20 configuration. The micro-Raman
system (Jobin Yvon LabRAM HR 800UV) was used to
characterize the optical properties at room temperature.
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Fig. 2. SEM images of Ag doped ZnO microrods: a—10 cm away
from the vapour source; b—30 cm away; c—EDX spectra
of sample b

The SEM images of AZMR and AZMM shown in
Fig. 2 give a general view of microstructures on the Si
substrates. As shown in Fig. 2 a, uniform Ag doped ZnO
microrods can be observed with about 400 nm in diameter
and up to 700 nm in length. The microrods each move in
the vertical direction and are all almost uniform in length
and size. Furthermore, the figure shows that the microrods
have a clear hexagonal shape with smooth and clean side
walls. This hexagonal morphology means that the ZnO
microrods have a perfect wurtzite structures. Fig. 2
indicates that the AZMR have a preferential c-axis growth
direction, and it was in {100} the hexagonal facet. Fig. 2 b
shows the SEM images of sample b, which display the
ZnO micromultiple structures. Just as sample a, the base
layer is Ag doped ZnO microrods and the top layer is Ag
doped lumps-like ZnO micro-nanostructure. Fig. 2 ¢ shows
the EDX spectra of sample b, the Ag peak appears at
3.0 keV, which means the Ag successfully doped in the
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nanostructures. The mass ratio of Ag and Zn is about 1:5.6.
because of the different melting point, only part of the Ag
doped in the nanostructure during the whole process.
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Fig. 3. XRD patterns of sample aand b

The reason for the difference between the two samples
can be attributed to the substrate temperature. Sample a is
next to the evaporation source, therefore it is in the heating
zone and the substrate temperature is high. Sample b is out
of the heating zone, leading to a lower substrate
temperature than sample a and different morphology
between the two samples.

The relationship between temperature and 2ZnO
nanostructures was studied by Wang et al., who believed
that two reasons may be responsible for the difference: the
changing of ZnO vapor and the different thermal
expansion coefficient between the substrate and
nanostructures [15].

Fig. 3 shows the XRD patterns of sample a and
sampleb. Four peaks can be observed: with the Miller
indices (hkl), namely (100), (002), (101), (004). For the
standard hexagonal ZnO, the 2-theta value of the four
peaks were separately located at 31.77°, 34.45°, 36.25°, and
72.56°. Corresponding to ZnO (002) peak, the figure shows
that the peaks at about 34.31°and 34.37° are very strong,
and aside from ZnO, no phases related to Ag oxides can be
observed. This indicates that Ag doped ZnO micro-
nanostructures have a hexagonal wurtzite structure and a
preferential orientation along the c-axis. Compared to pure
ZnO, the (002) peak located at 34.45° has a slight shift to
the lower 20 angle direction. This is primarily because the
ionic radius of Ag*(122pm) is larger than Zn?*(72pm). As
a dopant in ZnO, Ag can occupy the interstitial (Agi*) or
substitutional Zn?* sites Ag’zn [8].

The Raman scattering technique is non-destructive and
a stable test to study the defects, structural disorder, and



crystalline quality in the doped ZnO micro-nanostructures.
It can provide important information about the change of
local structure, owing to the incorporation of doped ions.
According to the group theory, ZnO single crystal is in the
Cev point group symmetry, including two Raman silence
B1 modes and six other Raman phonon modes [16]. The
two E; modes are divided into high and low frequencies
located at 437 and 101 cm™. The A; and E; modes are
separated into transverse and longitudinal modes. The two
A; modes are 380 and 574 cm™, and the two E; modes are
407 and 583 cm,
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Fig. 4. The Raman spectra of sample a and b

Fig. 4 shows the Raman scattering of sample a and
sample b over the 100-1300 cm™ range. There are not
many other differences between the two samples. The peak
at 429 cm? is Ey (high) mode, this mode has a strong
relationship with the wurtzite structure of ZnO; it’s
intensity indicates the perfect crystallinity. The shift of the
E> mode provides information about stress: the
compressive stress was dominating if shifting in the
direction of high frequency, and the tensile stress was
dominating when shifting in the other direction [17]. When
compared with the stand mode, the E; (high) mode of
standard ZnO was located at 437 cm®. An 8cm?
downshift was observed, which means the two samples
both have tensile stress. The second order of Raman peaks
with A; symmetry (601, 706, 1108 cm™) can also be
observed. The A3(LO) + E1(LO) +E> (low) peak was
located at 1262 cm? as a result of the multiple phonon
scattering processes. Apart from the peaks mentioned
above, the local vibration mode (LVM) at 492 cm™ with
strong intense could also be found. The LVMs caused by
other dopants were also found, such as Fe, Ga, and Sb
doped ZnO films; the LVMs were located at 720, 631, and
531 cm, respectively [18]. They believed the LVMs were
caused by doped elements and can be used as incorporation
indicators. After depositing Ag doped ZnO films on
sapphire substrate by pulsed laser deposition, we found a
LVM at 492 cm'?, which was induced by Ag doping [19].
Therefore, we presume that the Raman mode at 492 cm™?
should be attributed to LVM caused by Ag doping. AZMR,
AZMM, and Ag doped ZnO films were each synthesized
using different methods on different substrates; both LVMs
at 492 cm® appeared. Thus, this mode should be marked as
a symbol of Ag incorporation into the ZnO micro-
nanostructures.
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4. CONCLUSIONS

In summary, the CVD method was used to synthesize
Ag doped ZnO microrods on Si substrates. The SEM
results show that the samples have a hexagonal structure
and are grown in the preferential c-axis direction. The
XRD patterns also corroborate the hexagonal wurtzite
structure and proves that the samples were growing along
the c-axis. Raman spectrum portrays the existence of stress
in the samples and a characterized Raman mode at 492 cmr
! could be indicative of the successful Ag doping in ZnO
microstructures. The mechanism that doping with Ag can
induce an extra Raman mode may in connection with the
location of Ag*, further studied can be made to discuss
whether it can be represent Agi* or Ag’zn.
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