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Sn doped ZnO nanorods were grown on p-type silicon substrate using sol-gel method. 
Impedance spectroscopy of Sn doped ZnO nanorods were recorded under dark and UV 
conditions to study the frequency dependent electrical parameters such as impedance and 
conductivity for the Sn doped ZnO nanorods MSM structure in the range of 1 Hz to 10 
MHz. The Nyquist plot of Sn doped ZnO nanorods showed two semicircle arcs that 
correspond to the distribution of the grain boundaries and electrode process. It was 
observed that with the exposure of UV light the 2nd semicircle arc  that represents the 
electrode process is reduced. The conductivity plot revealed that the UV enhances the 
conduction of the Sn doped ZnO nanorods. SEM image showed the densily packed 
nanorods on the surface of silicon substrate, whereas XRD revealed that the grown 
nanorods have c-axis orientation.  
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1. Introduction 
 
Zinc oxide is an II–VI semiconductor with large band gap (Eg = 3.37 eV). It has a stable 

wurtzite structure with lattice spacing a = 0.325 nm and c = 0.521 nm. It has higher exciton 
binding energy (∼60 meV). It is widely used in a number of applications like photo catalysis [1], 
gas sensors [2], varistors [3] and so on. Zinc oxide is non-toxic, and compatible with skin, making 
it a suitable additive for textiles and surfaces that come in contact with humans. It is also used as a 
catalyst for methanol synthesis. The electrical properties of ZnO originate from point native 
defects such as oxygen vacancies (Vo) and zinc interstitials (Zni

+) [4]. The electrical properties of 
nanomaterials are different from those of their bulk counter parts. The high surface-to-volume 
ratio of grains, small size, enhanced contribution from grains and grain boundaries, quantum 
confinement of charge carriers, band structure modification and defects in grains are some of the 
factors that contribute to the electrical properties of nanostructured materials [5]. The influence of 
grains and grain boundaries plays a crucial role in the transport properties, which can be 
investigated by impedance spectroscopy. Studies on the effect of UV source and frequency on the 
dielectric behaviour and impedance spectra of ZnO nanorods offer various informations about 
different polarization mechanisms, grain and grain boundary effect in nanostructured materials.  

In this research, Sn doped ZnO nanorods were grown on p-type silicon substrate using low 
cost sol-gel method. For the fabrication and electrical characterization metal –semiconductor- 
metal configuration was employed by depositing circular silver electrodes on the top of Sn doped 
ZnO nanorods. The impedance characterstics of Sn doped ZnO nanorods as a photodetector under 
the exposure of 365 nm, 2mW UV light was investigated. 
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JCPDs card 36-1451. The high intensity of 002 peaks corresponds to a better crystallinity of ZnO 
which had a c-axis orientation. No peaks other than ZnO were observed, reflecting the purity of 
the fabricated Sn doped ZnO nanorods. 

 
 

Fig. 2. XRD pattern of 0.2%wt Sn doped ZnO nanorods 
 

AC impedance spectroscopy has been proven a powerful method to estimate the 
contribution of the grain, grain boundaries and film-electrode effects on the charge transport 
phenomenon [7]. The complex impedance as a function of angular frequency (ω) can be 
represented by the following equation [8]: 
 

ܼ∗ሺ߱ሻ ൌ ܼᇱሺ߱ሻ െ ݆ܼᇱᇱሺ߱ሻ																																																																																								ሺ1ሻ 
 
Where Z’(ω) and Z”(ω) are the real and imaginary components of the complex impedance, 
respectively. For the polycrystalline material, the total impedance ZT can be written as [9]: 
 

்ܼ ൌ ௚ܼ ൅ ௚ܼ௕ ൅ ܼ௖																																																																																													ሺ2ሻ 
 
Where Zg, Zgb and Zc represent the complex impedance contribution of the grains, grain 
boundaries, and electrode contact, respectively.  

Figure 3(a,b) shows the variation of the real (Z’) and imaginary (Z”) components of the 
impedance with frequency. The magnitude of both the components decreased when the frequency 
increased, indicating an increase in AC conductivity of the nanorods. The real and imaginary 
components of Sn doped ZnO nanorods decreased with the exposure of UV light, reflecting that 
the structure is more conductive as compared to dark conditions.  
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Fig. 3(a) Frequency versus Z’ for Sn doped ZnO nanorods, and (b) Frequency versus Z’’ for  
ZnO nanorods at room temperature under dark and UV conditions 

 
 

Fig. 4 shows the Nyquist plot of Sn doped ZnO nanorods. The plot shows a semicircle arc 
at higher frequency corresponding to the electrical properties of grain boundaries. Whereas, at low 
frequencies, the plot shows a depress semicircle that corresponds to the nanorods/electrode 
interface contribution due to the polarization mechanism in this range of frequencies. With the 
exposure of UV light the 2nd arc becomes less prominent because of the excitation of electrons 
from conduction band to valence band. The UV exposure reduces the band gap and electrons can 
transport easily as compared to dark conditions. The previous researchers reported [10] the 
presence of 2nd semicircle under biased conditions. They relate the appearance of the arc to the 
accumulation of adsorbed oxygen molecules at the film-electrode contact area. As in our case the 
arc appeared at zero bias volts which were believed to be due to the holes trapped at the contact 
area. The high resistance component at the leftmost region was the high frequency region 
representing the effect of grain and grain boundary components, while the low resistance value at 
the rightmost region namely low frequency region reflects the effect of metal-semiconductor 
contact. 
 

(a) 

(b) 
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Fig. 4. Nyquist plot for 0.2wt% Sn doped ZnO nanorods under dark and UV conditions 

 
 

Fig. 5 shows the electrical conductivity curve of Sn doped ZnO nanorods under dark and 
UV conditions. At the applied frequency range of 10 KHz- 10 MHz as shown in inset of figure 5, 
the conductivity follows the Jonscher power law relation [11]: 
 

ߪ ൌ  ሺ3ሻ																																																																																	௦߱ܣ
 
Where ω is the angular frequency, A is a constant and the exponent s is a frequency dependent 
parameter having values less than unity [12]. The electrical conductivity increases with the 
exposure of UV light. 
 

  
Fig. 5. Ac conductivity (σ) as a function of frequency for 0.2wt% Sn doped ZnO  

nanorods under dark and UV conditions 
 

4. Conclusion 
 
Sn doped ZnO nanorods were successfully synthesized using low cost sol-gel method. 

Highly populated and vertical aligned Sn doped ZnO nanorods were observed from the SEM 
images. The XRD pattern shows the preferred c-axis orientation of Sn doped ZnO nanorods. The 
electrical parameters like impedance and ac conductivity as a function of frequency were studied 
for the grown ZnO nanorods in the frequency range of 1Hz -10 MHz. The impedance plane shows 
two regions corresponding to grain boundaries and grain boundaries-electrodes process. Under the 
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exposure of UV light the real and imaginary components of impedance decreased whereas the 
conductivity increased that revealed that the UV source excites the electrons so that they can jump 
from valance band to electron band.   
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