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In this research, Cadmium selenide CdSe thin films had been prepared using chemical spray pyrolysis method at 
a several substrate temperature (65, 85 and 105 °C). Cadmium Selenide CdSe thin films on glass slides were subjected 
to different testing techniques. The CdSe grain size decreases with deposition temperature increase. All the films are 
amorphous. The crystalline phase increases with temperature during the deposition. The X-ray spectrum show several 
peaks that belong to CdSe semiconductor. SEM images and XRD spectrum of the films show that the grain size is about 
46.57 nm for the film prepared at 105 °C and increase to about 61 and 67.48 nm for the film prepared at 85 and 65 °C 
respectively. The optical properties including the transmittance, absorbance and energy gap were altered clearly with 
temperature. Eg shifted from 2 to 2.45 eV for the films prepared at 65 and 105 °C respectively. The current – voltage 
(I–V) measurements show an increase in the current with deposition temperature due to the decrease in the grain size. 
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INTRODUCTION 

Cadmium selenide (CdSe) is an important     
n-type semiconductor compound, it belongs to  
II–VI group with standard optical energy gap of 
about 1.74 eV at room temperature [1, 2]. Crystal 
structure of CdSe varied depending on the 
preparation method and method conditions such 
as deposition temperature, the preparation process 
is carried out in a vacuum or under atmospheric 
pressure and source type [3, 4]. The structure can 
be cubic (zinc blende under certain deposition 
conditions), hexagonal (wurtzite at room 
temperature) or rock salt under high pressure 
[5, 6]. CdSe has a marvelous properties including, 
5.81 g/cm3 density [7], high photoluminescence 
[8, 9], high absorption in blue and green regions 
with in the visible spectrum and high absorption 
coefficient >104 cm–1 [10, 11]. Cadmium selenite 
has been used in many fields due to its unique 
properties, it was contributed in solar cells [12], 
photo-conductors [13, 14], photo-voltaic cells [8], 
solar batteries [15, 16]. Thin films of cadmium 
selenide CdSe have been prepared by a diverse 
techniques including chemical bath deposition 
[17], laser pulsed deposited [18], magnetron 
sputtering [19], spray pyrolysis [20], thermal 
evaporation technique [21]. In this study, CdSe 

films have been prepared at a different substrate 
temperature (50, 100 and 150 °C) to try to control 
the grain dimensions. Several investigation 
techniques have been used to test the films. 

EXPERIMENTAL METHOD 

Devices. Several techniques have been used 
in the preparation and examining CdSe thin films 
including: 
 Magnetic stirrer: used to mix the solutions. 
 Spray pyrolysis method: used to deposite 

CdSe thin films. 
 UV-Visible: used to measure the transmittance 

and absorbance of the films. 
 XRD spectrometer and Scanning electron 

microscope were used to investigate the 
structural properties of CdSe thin films. 

 Electrical circuit to measure the I–V 
characteristics of CdSe thin films. 
Materials. Selenium, sodium sulfide and 

cadmium chloride have been used with citrine 
concentrations in the preparation of CdSe 
compound. 

Preparation method. Cadmium selenide is 
prepared by mixing two solutions, the first 
solution was prepared from dissolving 0.8 g of 
selenium in 10 ml of distilled water and the 
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second solution was prepared from dissolving 
1.2 g of sodium sulfide in 10 ml of distilled water, 
then the mixture was heated at 90 °C for one hour 
to obtain a solution including selenide, the later 
solution then mixed with a solution resulted from 
dissolving 1 g of cadmium chloride in 20 ml of 
distilled water with 1 ml of ammonia, the final 
solution then starring using a magnetic stirrer for 

an hour at a temperature of 90 °C [22–24]. The 
solution is left for two minutes to get sufficient 
time for the heavy particles to precipitate. The 
substrate temperatures during the deposition were 
varied over the range (65, 85  , 105 °C) while the 
other parameter’s values are shown in Table 1 
[25–27]. 

 

 

Fig. 1. Spray pyrolysis system 

 

 

Fig. 2. I–V measurement circuit 

 
Table 1. Spray technique parameters  

Solution Dep. temp. °C 
No. of 
sprays 

Sprays rate, 
ml/min 

Pressure, kg/cm2 Distance, cm 

CdSe 
65 
85 
105 

20 4.8 7.5 25 

 
 

RESULTS AND DISCUSSION 

Scanning electron microscope images 
indicate that the grain size decreases with 
temperature (Fig. 3), this decrease in grain size 
with temperature is due to the high change in the 
substrate temperature. The increase in 
temperature will lead to rapid drying in the 
droplets of the solution that fall on the hot 
substrate, which will negatively affect the 
adhesion strength of the droplets with substrates 
and then prevent the growth and aggregation of 
grains. The histograms in Fig. 3 show the 
distribution of grain dimensions and the expected 
average grain size in each sample, the average 

grain size was 70.40, 60.93 and 41.08 nm of the 
films prepared at 65, 85 and 105 °C respectively. 
All the films are amorphous as shown in the XRD 
spectrum (Fig. 4). It is worth mentioning that the 
crystalline phase increases with temperature 
during the deposition. The X-ray spectrum show 
several peaks (24.86, 26.98, 29.46, 36.98, 43.18, 
47.78, 50.42, 54.1, 71.46 and 72.98o) belong to 
CdSe semiconductor. In addition, the grain size 
calculated from spectrum decreases with 
temperature increase due to the low grow and 
aggregation processes. The XRD results agree 
with SEM images and histogram results (average 
grain size) (Fig. 4 and Table 2). 
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Fig. 3. Scanning electron microscope images of CdSe thin films prepared at different temperatures: (a) 65, (b) 85, 
(с) 105 °C with image scale 3 m 
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Fig. 4. X-ray spectrum of CdSe films prepared at different temperatures 
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Table 2. The average grain size of CdSe thin films prepared at different temperatures 

Temperature oC 2θ° FWHM [°2Th.] D 
Average grain 

size nm 
hkl 

105 

25.26 2.6 31.3  
 
 

46.57 
 
 
 

110 
26.94 2.76 29.6 110 
29.46 2.00 41.0 110 
37.18 1.48 56.6 200 
43.22 1.43 59.5 210 
53.62 1.16 76.6 220 
55.46 2.88 31.1 221 

85 

24.86 1.52 53.5  
 
 
 
 

61.01 
 
 
  

100 
26.98 2.84 28.7 110 
29.46 1.56 52.6 110 
36.98 2.29 36.5 200 
43.18 1.92 44.50 210 
47.78 2.72 31.94 310 
50.42 1.36 64.41 310 
54.1 1.16 76.89 220 

71.46 0.89 108.84 321 
72.98 0.88 111.96 322 

65 

26.9 1.40 58.35  
 

67.48 
 
 
 
 
 
 
 
  

110 
28.06 0.80 102.36 110 
35.14 2.32 35.92 111 
43.3 2.12 40.31 210 

44.54 0.96 89.42 210 
46.02 1.68 51.37 210 
48.06 1.77 49.05 211 
52.06 1.03 85.29 310 
70.38 0.99 97.73 222 
71.46 1.25 77.82 222 
73.98 2.15 46.04 320 
76.7 1.33 76.10 321 

 
 

The transmittance and absorbance were 
measured for the films, the transmittance 
decreases with temperatures 65, 85 and 105 °C as 
a result of the decreasing in film thicknesses 
because high substrate temperature will reduces 
the adhesion of the particles to the substrate, 
Therefore, it will hinder the grow and 

aggregations of films, while the absorbance 
increase with temperature over the visible 
spectrum. Single peak appeared at 380 nm 
wavelength in the absorption spectrum of the 
samples prepared at 105 °C, belongs to the CdSe 
nanoparticles (Fig. 5). 

 
 
 
 
 
 
 
 
 
 
 
 
              a           b 

Fig. 5. The optical properties with wave length of CdSe thin films prepared at 65, 85 and 105 °C a – transmittance, 
b – absorbance 
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Fig. 6. The effect of substrate temperature on the energy gap 

 

Table 3. Energy gap variation with deposition temperature 

Temperature °C Energy gap eV 
65 2.00 
85 2.30 
105 2.45 

 
 

The energy gaps have been calculated for 
CdSe thin films prepared at different 
temperatures. The energy gap was 1.7 eV for the 
films prepared at temperatures 65 °C, which is 
closer to the standard value of CdSe energy gap  
while it was increase to 2 eV for the films 
prepared at the temperature 85 °C and 2.2 eV for 

the film prepared at 105 °C as shown in Fig. 6 and 
Table 3. The increase in the energy gap was due 
to the decrease in the grain dimensions with 
temperature and this agree with SEM and X-ray 
results (Table 2), so that we expect that the grain 
size will be closer to or less than 100 nm for layers 
prepared at 105 °C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. CdSe thin films I–V characteristics 

 
The current – voltage characteristics were 

measured for the films, where the current 
increases with temperature due to the decrease in 
the grain size, Fig. 7. The decrease in grain 
dimensions with the deposition temperature is 

also accompanied by a decrease in the film 
thicknesses, which will reduce the resistance to 
the electrons flowing through the film, and thus 
the current will increase with the voltage. 
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CONCLUSIONS 

Scanning electron microscope images 
indicate that the grain size inversely proportional 
with deposition temperature. The increase in 
temperature will lead to rapid drying in the 
droplets of the solution that fall on the hot 
substrate, which will negatively affect the 
adhesion strength of the droplets with substrates 
and then prevent the growth and aggregation of 
grains. The X-ray spectrum shows that all the 
films are amorphous. The crystalline phase 

increase with temperature. The energy gap was 
2 eV for the films prepared at temperature 65 °C 
while it was 2.3 eV for the films prepared at 
temperature 85 °C and 2.45 eV for the film 
prepared at 105 °C. 
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У цьому дослідженні тонкі плівки CdSe на основі кадмію та селену були отримані методом хімічного 

розпилювального піролізу при різних температурах підкладки (65, 85 та 105 °C). Тонкі плівки CdSe на основі 
селеніду кадмію на скляних слайдах були піддані різним методам випробувань. Розмір зерен CdSe зменшується 
зі збільшенням температури осадження. Всі плівки є аморфними. Кристалічна фаза збільшується з 
температурою під час осадження. Рентгенівський спектр показує кілька піків, що належать напівпровіднику 
CdSe. Зображення SEM та рентгенівський дифракційний спектр плівок показують, що розмір зерна становив 
близько 46.57 нм для плівки, виготовленої при 105 °C, та збільшувався до приблизно 61 нм та 67.48 нм для 
плівки, виготовленої при 85 та 65 °C відповідно. Оптичні властивості, включаючи пропускання, поглинання 
та ширину забороненої зони, помітно змінювалися з температурою. Eg зміщувався від 2 до 2.45 еВ для плівок, 
виготовлених при 65 та 105 °C відповідно. Вимірювання вольт-амперної залежності (I–V) показують 
збільшення струму з температурою осадження через зменшення розміру зерна. 

Ключові слова: тонкі плівки CdSe, хімічний розпилювальний піроліз, оптичні властивості та вплив 
температури на розмір зерна 
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