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Abstract 
 
 ZnO thin film was deposited on Poly propylene carbonate (PPC) plastic substrate by direct current 
(DC) sputtering. The measurements of the absorption spectrum and the photoluminescence of the film 
were carried out. ZnO Metal-Semiconductor–Metal (MSM) photodetector with platinum (Pt) contact 
electrodes was then fabricated. The structural and electrical properties of the detector were investigated 
using the current–voltage (I–V) measurements.  
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1. INTRODUCTION 
 

Detection of ultraviolet (UV) radiation is becoming important in a number of areas, 
such as flame detection, water purification, UV astronomy, and UV radiation 
dosimetry [1]. Recently, wide-bandgap materials are under intensive studies to 
improve the responsivity and stability of UV photodetectors [2]. Among them is zinc 
oxide (ZnO) which is of great interest due to its strong UV photoresponse. 

ZnO Schottky diodes and metal–semiconductor–metal (MSM) photodiodes 
detecting in the UV region have been investigated [3]. To produce high-performance 
MSM UV photodiodes, it is important to achieve a large Schottky barrier height at the 
metal–semiconductor interface that leads to small leakage current and high breakdown 
voltage which could result in improving responsivity and photocurrent to dark current 
contrast ratio. To achieve a large Schottky barrier height on ZnO, one can choose 
metals with high-work functions [4]. However, many of the high-work function metals 
are not stable at high temperatures. Platinum (Pt) is an interesting metal that has 
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recently been used as a stable Schottky contact because it has the highest metal 
work function which equal to 5.65eV eV. Several investigations on deposition ZnO 
Schottky diodes with Pt contact electrodes have been reported using silicon, glass or 
other substrates[5] . However, there is no study on the characterization of ZnO MSM 
photodetectors with Pt contacts or other metals using plastic substrates, such as poly 
propylene carbonate (PPC). In this work, we report the deposition of ZnO thin film on 
the PPC plastic and the fabrication of ZnO-based MSM photodetector with Pt 
electrodes and the I-V characteristic of the built photodetector. 
 
 
2. Experimental work 
 

ZnO thin film was deposited on plastic sheet of PPC of thickness 0.1 mm by DC 
sputtering. The target material used is ZnO disk with purity of 99.99%. The plastic 
substrate was cleaned by immersing in the active cleaning liquid (DECON90) for 5 
minutes, then rinsed with distilled water, and dried by N2 gas. The thin film thickness 
was measured by using surface optical system Filmetric F20-VIS.  The transmission 
spectrum of the sample was measured by using a Hitachi U-2000 Double-beam 
spectrophotometer. The photoluminescence spectrum (PL) was recorded by using 
photoluminescence spectroscopy system Model: Jobin Yvon HR 800 UV.  The line of 
He-Cd laser of 320 nm having a power of 1 mW is used to excite the sample. The 
morphology of the film surface was imaged by scanning electron microscopy (SEM) 
and atomic force microscopy (AFM). ZnO MSM photodetector was fabricated by 
sputtering the Pt with a thickness of about 140 nm on the thin film by using a metal 
MSM mask.  

 
3. RESULTS AND DISCUSSION 
 
 

 
 

                        
Fig. 1.  SEM image of ZnO film on PPC substrate 
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         Fig. 2.  AFM image of ZnO film on PPC substrate 
 

The thickness of the prepared film was found to be about 1µm. The morphology of 
the film is shown in Figs. 1 and 2 respectively. Fig. 1 shows the top surface SEM 
image of ZnO film grown on the plastic sheet; while Fig 2 shows the structure of the 
film which consists of some columnar structure grains of height about 200nm; this 
nanostructure of the film surface may be useful in the absorption of the UV light when 
this material is used as a UV detector.  
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  Fig. 3 Transmission spectrum of ZnO thin film on PPC substrate 
 
 

Figure 3 shows the optical transmission spectrum of ZnO thin film in the range of 
300-1100 nm. The transmission in the visible region was found to be higher than 85% 
with a sharp UV cut-off wavelength value approximately at 380 nm and has good 
absorption to UV light which indicates that the film can be used as transparent 
windows for UV light or as electrodes in a MSM photodiode [5]. 
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Fig. 4PL spectrum of ZnO thin film on PPC 
 

 
Figure 4 displays the PL spectrum of the ZnO thin film with a high UV emission 

peak (380 nm) and a low and broad blue–green emission peak (490 nm). The high UV 
to visible emission ratio indicates a good crystal quality of the film i.e., a low density 
of surface defects. The emission at 380 nm corresponds to the bandgap of ZnO 
material according to L. Dong and et al [6], this UV emission is assigned to the 
recombination of bound excitons of ZnO. The blue–green emission mechanism in 
ZnO has been extensively investigated. Single ionized oxygen vacancy results in green 
emission of ZnO material because of recombination of a photogenerated hole with a 
single ionized electron in the valence band [7].  
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Fig.5: I–V characteristics of the fabricated ZnO MSM photodetector with Pt electrodes on PPC 
substrate, measured in (dark current) and (photocurrent). 

 
Figure 5 shows the I-V characteristics of the fabrication ZnO MSM UV detector with 
Pt electrodes on PPC plastic, which was measured in the dark (dark current) and under 
illumination (photocurrent). The photocurrent measured by using Xe lamp with power 
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of about 26.8 μW at the incident wavelength 385 nm.  It was found that the dark 
current and photocurrent of ZnO MSM photodetector were (0.7957, 126.5163 µA), 
respectively. In other words, the researchers have obtained the photocurrent to dark 
current contrast ratio of 159 which illustrated that the ZnO photodetector showed a 
good photoconductivity. 
 
Conclusion 
 

In conclusion, ZnO thin films were deposited on PPC plastic Substrates by DC-
Sputtering. The Pt/ZnO/Pt MSM UV photodetector was then fabricated. The 
transmission spectrum of the film showed that the film is transparent in the visible 
region, and it absorbs in the UV region.  

It was found that the dark current and photocurrent of ZnO MSM photodetector 
were (0.7957, 126.5163 µA), respectively and the photocurrent to dark current contrast 
ratio was found equal to159. These results showed that the fabrication of ZnO MSM 
UV photodetector on plastic substrates at room temperature is possible by using DC-
sputtering technique. 
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