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Abstract 

Schottky barrier photodiode of zinc sulfide (ZnS) thin film have been fabricated by thermal evaporation method. The n-
type ZnS thin films of thickness 400 nm were deposited onto glass substrates at 150°C. The photodiode was form by 
evaporation of gold thin films on the n-type ZnS films and evaluated as UV near visible detectors. ZnS thin films were 
checked by using X-ray diffraction (XRD); the result shows that the films were polycrystalline. The lattice constant for 
ZnS films was calculated and it was 5.41Ao. The absolute quantum efficiency of the photodiode was measured for 
wavelengths between 200-600 nm. The responsivety of the prepared photodiodes of different thickness of gold thin 
films (50, 80 & 100 nm) was measured for wavelengths at the range as mentioned above. These detectors have 
negligible response to wavelengths longer than 340 nm which correspond to energies less than the band gap of the 
zinc sulfide. Finally the barrier height of diode was measured by the C-V method and found as low as 1.9 V. 
Keywords: Schottky barrier, thermal evaporation method, zinc sulfide, gold thin films. 
 
Introduction 
 Zinc sulphide (ZnS) is an important II-VI group 
semiconductor with a large direct band gap of 3.6 eV near 
UV region, ZnS thin films have a high refractive index of 
2.27 at 1 μm and high transmittance in the visible range 
(Park et al., 2002; Monroy et al., 2003). It is an important 
device material for the detection, emission and 
modulation of visible and near ultraviolet light (Antony et 
al., 2005). ZnS is highly suitable as a window layer in 
hetrojunction photovoltaic solar cells; because the wide 
band decreases the window absorption loses and 
improves the short circuit current of the cell (Kumar et al., 
2008). Ultra-violet photodetectors respond only to 
ultraviolet light with high discrimination against infrared 
radiation can find applications in areas such as fire 
detection, flame combustion control, UV astronomy, 
industrial and medical applications as well as in a number 
of personal healthcare consumer products. In recent 
years, there has been increasing interest in developing 
GaAlN alloy, SiC, diamond, and a number of wide band 
gap II-VI thin film based visible-blind and solar blind UV 
detectors (Fathy et al., 2004). 
 The structure of such thin films was obtained using X-
ray diffraction technique. Zinc sulfide has two types of 
crystal structures; hexagonal wurtzite and cubic zinc 
blende (Cheng et al., 2003; Li et al., 2003). Thin films of 
ZnS were prepared using many deposition techniques, 
the optical properties of the prepared film depend strongly 
on the fabrication technique (Prathap et al. 2008). The 
Schottky barrier photodiode is inherently a fast, efficient 
detector of radiation of energy greater than the band gap 
of the semiconductor. This radiation will generate hole-
electron pairs within the depletion region of the barrier 
where they are collected efficiently and rapidly by the 
built-in field. 
 Kushkul (2001) studied the electrical and optical 
propertied of ZnS thin films deposited by thermal 
evaporation and the effect of their thicknesses on the 

photovoltaic p-n junction (silicon photocell). He found that 
the optical energy gap is in the range (3.2-3.3) eV for 
different thicknesses (100-300 nm). The thin film is n–type 
and the hall coefficient decreases with increasing 
thickness and the structure was polycrystalline. 
Richardson and Baerish (1968) studied ZnS Schottky 
barrier ultra- violet detectors deposited by thermal 
evaporation. The barrier height of Ag-ZnS diode were 
measured by the C-V method and found to be as low as 
1.9 V. The spectral response of Ag-ZnS diode was shown 
at 322.5 nm with thickness 79 nm and quantum efficiency 
at this thickness was 0.45.  
 Kumar et al. (2006) studied photoconductive response 
of ZnS films prepared by vacuum evaporation. They 
found that ZnS films have energy gap of 3.5 eV and the 
conductivity of the films depends on the temperature.  
The spectral responsively is regarded as an important 
parameter of the detector; it determines the efficiency for 
detection at a range of wavelength and determines the 
spectral range which the detector uses for detection .The 
spectral response is given by the equation: 
Rλ=Iph/Pin    (1) or Rλ=V/Pin   (2) 
 Where Rλ is the responsively-dependent wavelength 
(λ), Iph is the output photocurrent, V is the output Voltage, 
and Pin is the input power. 
Equations (6 & 7) are used when the output is a current 
and voltage respectively.  
For photoelectric detector whose output is a current, the 
quantum efficiency can be computed from current 
responsively: 
ηλ= Rλhc/qλ =1.24 Rλ/λ  (3)  
Where ηλ is the quantum efficiency-dependent 
wavelength (λ), h is blank constant and q is electron 
charge. 
 For many applications one requires a photodetector 
with high quantum efficiency in the U.V, but little 
sensitivity to visible and no respond to I.R. radiation. The 
schottky barrier of zinc sulphide, which has a band gap 
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of 3.68 eV, satisfied these requirements. 
 Experimental part 
 Polycrystalline zinc sulphide (ZnS) compound with a 
purity of 99.999% was used to prepare n-type ZnS thin 
films by thermal evaporation method, n-type thin films 
were deposited on glass substrates at 150°C. Thin films 
of gold of thicknesses (50, 80 & 100 nm) were deposited 
on ZnS thin films at room temperature to obtain Schottky 
barrier photodiode by the previous method. Each of gold 
and ZnS were evaporated from molybdenum boat,  
(a molybdenum boat was used as the source holder), 
and the pressure inside the chamber was better than 
2×10-5 m bar, the distance between the boat and the 
substrate was 15 cm for ZnS thin films and 9 cm for gold 
thin films. The prepared films were analyzed by X-ray 
diffraction technique for structural analysis; this 
technique has the following information: 
Source of CuKα radiation, scanning angle (20˚-70˚).  
 Suitable masks were made from aluminum foil for hall 
measurement; the sensitive digital electrometer (Kiethley 
model 610 B) was used for this measurement. Two 
experimental methods were used for thickness 
measurements; the weighting method (which gives an 
approximate value for the thickness) and the optical 
interference fringes method with an error of ± 0.4%. The 
spectral response of the photodiodes was measured with 
a lamb grating monochrometer. The same electrometer 
was used to measure the short circuit photocurrent of the 
diode at zero bias. The absolute quantum efficiency of the 
diode was then measured by the C-V method. 
Results and discussion 
X-Ray diffraction results for ZnS thin films  
 X-ray diffraction pattern was studied for the prepared 
ZnS thin films, the results show that the film was 
polycrystalline, as show in Fig. 1. The X‐ray pattern of the 
films was found to exhibit three diffraction sharp  peaks 
associated with (100) and (102) reflections for the 
hexagonal structure and (111) reflection for the cubic 
structure of which the intensity of the (111) orientation is 

predominant. 
The d-values were calculated by calculating θ values 

from the peaks of the X-ray spectrum by using Bragg’s 
relation: 
2dsinθ = n λ  
n=1 in present study and λ= 1.54045 nm for CuKα. 

These d values were compared with the standard 
ASTM data to confirm the structure of ZnS, as listed in 
Table 1.  

The lattice constant of ZnS thin films was calculated it 
was 5.413 Ao; (the standard value of the lattice constant 
is 5.42 Ao). The calculated value is in agreement with the 
value estimated by Seeger (1997) and Ben et al, (2006) 
when they used magnetic beam evaporation (MBE) 
method for prepared ZnS thin films.  
Hall effect & hall results for ZnS thin films  
     Carrier concentration and hall mobility have been 
determined from hall measurements for ZnS thin film. Fig. 
2 shows the plot of hall voltage versus the current for ZnS 
thin films, by using the slope of the figure and the 
fallowing equation:  
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Hall coefficient (RH) was calculated, its value pointed that 
the films was n-type, the carrier concentration was 
estimated as 2 ×1013(cm-3). 
The barrier height measurements 
 The barrier height of the diode was measured by the 
C-V method and was found to be as low as 1.9 V. Fig. 3 
shows the spectral response of three Au-ZnS diodes with 
different thicknesses of Au films, from the figure; the 
responsively decreases as the increase of the film 
thickness. 

Table 1. X-ray diffraction data for ZnS compound as thin films.
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(Ao) 

2 Ө 

(exp) 
I/Io

(exp) 
Type

(100) 3.309 3.311 26.89 60 Hexagonal
(111) 3.128 3.124 28.54 98 Cubic
(102) 2.273 2.277 39.53 39 Hexagonal
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Fig. 1. X-ray diffraction pattern of ZnS thin films.
0.0114

0.0134

0.0154

0.0174

0.0194

-0.007-0.005-0.003-0.001

Hall Current ×10 ^ -8 (Amp)       

H
al

l V
ol

ta
ge

 (m
 V

ol
t)

Fig. 2. Hall voltage as a function of 
the current for ZnS thin films. 
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 The quantum efficiency was calculated from eqn. 3 . Fig. 
4 shows the quantum efficiency as a function of 
wavelength. From the figure the quantum efficiency 
decreases with the decrease in wavelength and this is 
due to the increase of reflection loss at the Au-ZnS 
surface. The thickness of the thin films is one of the most 
important parameter which affects the physical properties 
of the films (Mihaela & Rusu, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
   Schottky barrier Au-ZnS photodiode was successfully 
fabricated and it found as UV -near visible detectors; the 
third trying in preparation was good. The barrier height of 
the diode was measured and it was found to be as low as 
1.9 V, the quantum efficiency decreases with the 
decrease in wavelength. The responsivety of the diodes 
decreases as the increase of the film thickness.  
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Fig. 4. The quantum efficiency of  
Au-ZnS for different thicknesses. 
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Fig. 3. Spectral response of  
Au-ZnS diode of Au different thicknesses. 


