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1. INTRODUCTION 
Dye-sensitized solar cells (DSCs) are considered 

attractive for energy conversion applications because of 
their relatively low cost and high efficiency (11%) [1]. 
TiO2 is playing an important role in science and 
technology for its unique optical, electrical, and chemical 
properties. It has been widely used in the area of solar 
energy conversion, surface modification of 
semiconductors, nanoelectronics, etc. [2, 3]. The high 
efficiency of DSCs is achieved only when the 
nanoporous TiO2 electrodes are introduced [4]. However, 
ZnO is comparable to TiO2 [5]: 1) similar band gap, 2) 
higher electron mobility, 3) simpler tailoring and 4) 
easier surface modification. Considering the efficient 
charge transfer, Yang and Aydil introduced ZnO 
nanowire (ZW) electrode to DSC and achieved the 
conversion efficiency of 1.54% [6, 7], which was much 
higher than ZnO nanoparticle (ZP) electrode to DSSC 
(0.44%) [8]. Electron transport in film electrode is 
proposed to occur by hopping mechanism, which 
exhibits slownon-exponential current and charge 
recombination thus limiting efficient charge transfer [9].  
Especially, the charge recombination occurs across the 
conducting substrate-electrolyte interface resulting in the 
poor cell performance.  
 

Various methods available for fabricating 
one-dimensional ZnO nanostructures have been 
employed, such as catalytic growth [10], 
electrophoretical deposition [11] and metal organic 
chemical vapor deposition [12]. However, these are 
expensive and energy consuming processes. The 
low-temperature solution growth for preparing ZW may 
be developed to make a high efficient DSSC 

commercially competitive [13,14].  
 
ZnO nanorods (NRs) have a large surface area and a 

long conduction pathway that lead straight to the 
electrode for efficient and fast electron transport [15]. It 
is reported that electron transport is tens to hundreds of 
times faster in nanorod array electrodes than in 
nanocrystalline particulate electrodes in dye-sensitized 
ZnO solar cells [16]. 
 

In this study, crystalline ZnO nanorods were 
synthesized through aqueous solution method at low 
temperature (~85C) under ambient pressure. The ZnO 
seed layer was prepared by facing target sputtering (FTS) 
method. The crystal growth and surface morphology as 
well as photovoltaic performance of the ZnO nanorods 
were investigated and discussed. 

 
2. EXPERIMENTAL SECTION 

At first, the FTO substrates were cleaned by 
ultrasonic system in ethanol, then distilled water, and 
then dried in pure N2 steam flow. A thin ZnO seed-layer 
was deposited on FTO (8 /�, Solaronix) substrate by 
FTS technique (shown in Fig. 1) [17, 18]. In the FTS 
system, the distance between the target-to-target, and the 
center of the targets' to the substrate were 100 mm and 50 
mm, respectively. Zn rectangular plates (having 115 x 75 
mm, thickness of 3 mm and purity of 99.95 %) were used 
as targets. The chamber was evacuated to a vacuum level 
of 7×10−4 Pa. ZnO seed-layer was deposited reactively at 
DC input power of 100 W with sputtering pressure of 0.1 
Pa and a fixed Ar to O2 gas ratio (GR) of 6:4. The 
thickness of the ZnO seed-layer was around 100-120 nm 
measured by an ACCRETECH SURFCOM 1500 
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surface-profiler. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Facing Target Sputtering system in our laboratory. 
 

The well-aligned ZnO nanorods arrays were 
fabricated by simple hydrothermal method at 85 C. For 
the synthesis of the ZnO nanorods arrays, analytical 
grade zinc nitrate hexahydrate [Zn(NO3)2. 6H2O, Wako, 
Japan], and hexamethylenetetramine (HMTA, C6H12N4, 
Wako, Japan) were used as reagents without further 
purification. In a typical reaction procedure, a 50 mM of 
zinc nitrate hexahydrate [Zn(NO3)2·6H2O] was dissolved 
in 50 ml of deionized water (Millipore Milli-Q Plus 
purification system, 18.2MOcm) water, and then 50 mM 
of HMTA was dripped under constant stirring at room 
temperature to ensure well dispersion of the reactant. The 
mixed solution was transferred into a glass beaker. The 
glass beaker was heated at constant temperature of 85 C 
for 3 hrs by well controlled temperature-controller 
without shaking and stirring. An electric-fan was used to 
cool up-side of the glass beaker. At the end of the growth 
period, the glass beaker had been cooled to room 
temperature naturally. The film thickness is 
approximately 2.5~3m. The crystal structures of the 
nanostructured ZnO films were investigated by grazing 
incidence X-ray diffraction (GIXRD) analysis 
(SHIMADZU XRD-6000) with Cu-K line. The optical 
properties of the films were measured with JASCO 
V-550 UV/VIS spectrophotometer at room temperature. 
The surface morphologies were studied using field 
emission scanning electron microscope (FE-SEM, JEOL, 
JSM 6700F) and transmission electron microscope 
(TEM). 
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Fig. 2. A schematic representation of DSC. 

 
The nanostructured ZnO films were sensitized in dye 

[cis-di (thiocyanate) bis (2,2-bipyridyl-4,4-di- carbo- 
-xylate) ruthenium (II)] for 24 hour at room temperature. 
The DSCs were fabricated according to Fig. 2 by 
clamping the dye-sensitized ZnO electrode against 

carbon counter electrode [19] and filling the 
inter-electrode space by the electrolyte of 0.5M 
KI/0.05M I2 /0.05 M 4-tert butylpridine by the capillary 
force. The active cell area was 0.25 cm2. The intensity of 
light was 100 mW/cm2. The photovoltaic performances 
of DSCs were measured using a Keithley Model-2400 
source measure unit, and a monochromator (SG-80, 
Yokogawa).  

 
3. RESULTS AND DISCUSSIONS 

Figure 3 shows the GIXRD pattern of ZnO seed layer, 
NRs structures. The ZnO seed-layer shows two clear and 
sharp diffraction peaks of (002) and (103), which 
indicates that the deposited ZnO seed layer has the high 
quality wurtzite structure [19]. The nanostructured ZnO 
photoelectrode show very high crystallinity. The 
crystallite size [using peak (101)] of ZnO seed layer, and 
NRs, are 14.2, and 23.5 nm, respectively.  
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Fig. 3. The GIXRD patterns of ZnO seed-layer and NRs 
structures. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Fig. 4. The FE-SEM images of (a) ZnO seed-layer, and 
(b) ZnO NRs, (c) TEM images of single ZnO NRs, and 

(d) SAED pattern of ZnO NRs. 
 

Figure 4 shows the FESEM images of 
sputter-deposited ZnO seed layer and ZnO NRs prepared 
with 85C deposition temperature. It is cleared from 
Figure 4(a) that the ZnO seed-layer shows a high 
compact surface with some grain clusters. The average 
grain cluster size is around 114 nm [19]. Figure 4(b) 
shows the well aligned ZnO NRs with uniform surface. 
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Figure 4(c) displays the single ZnO nanorod with an 
average diameter of 120-150nm. The electron diffraction 
experiments of single crystal conventionally involve the 
bright, dark field and selected-area electron diffraction 
(SAED) pattern. Figure 4(d) is showed the results of the 
SAED analysis, which reveal that the single ZnO NR is 
polycrystalline in nature. 

 
Figure 5 shows the difference of absorbance spectra 

of ZnO NRs prepared with deposition temperature of 
85C. It shows the highest A value in whole the 
wavelength region, which means that this sample is more 
photoactive. The A spectrum of the ZnO films is similar 
to the absorption peak of ruthenium based (N3) dye. 
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Figure 5. The difference of absorbance spectra of 
nanorods (NRs) ZnO photoelectrode 
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 Fig. 6. I-V characteristics curve for DSC. 
 

Figure 6 shows the photocurrent-photovoltage 
characteristics curve of DSC based on ZnO NRs. Inset of 
Fig. 6 shows the , FF, VOC, and JSC values of the DSCs 
corresponding to Fig. 6. The DSC of ZnO NRs prepared 
with 85 C has been showed the efficiency of 1.41%, 
which is higher than the ZnO photoelectrode prepared on 
sol-gel based ZnO seed layer [20], may be due to the ZnO 
NRs formed on highly crystalline ZnO seed layer. The 
fill factor of the DSC has reasonable value. 
 

Figure 7 shows the IPCE curve of DSC with ZnO 
NRs as a function of wavelength. The IPCE value at 
around 545 nm has contributed by the dye absorption, 
corresponding to the visible t2* metal-to-ligand 
charge transfer (MLCT). The DSC shows reasonably 
high IPCE value. The IPCE spectrum shows two peaks at 
408 and 545nm, which are close to ruthenium based dye 
(N3-dye) absorbance. The improvement in the IPCE 

suggested that the high energy conversion efficiency 
results predominantly from sufficient dye-loading by 
ZnO NRs arrays, which enlarges internal surface area 
within the photoelectrode [20]. 
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Fig. 7. IPCE spectrum for DSC with ZnO nanorods 
 

4. CONCLUSION 
     The hexagonal ZnO NRs were successfully prepared 
ZnO coated FTO substrate by open-hydrothermal 
technique with 85C, where ZnO seed layer was 
deposited on FTO by FTS method. The ZnO seed and 
upper layers both have high crystalline structure. The 
ZnO NRs were confirmed by FESEM and TEM images. 
The average size of NRs is 120-150 nm. The DSC with 
ZnO NRs has showed the 1.41% photoelectric 
conversion efficiency and 65.4% IPCE value. 
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