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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.

Keywords: CdSe thin films, chemical spray pyrolysis, optical properties and temperature effect on the grain size

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/cm® density [7], high photoluminescence
[8, 9], high absorption in blue and green regions
with in the visible spectrum and high absorption
coefficient >10* cm™' [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 [§],
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
This is an open access article under the CC BY 4.0 license
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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:

e Magnetic stirrer: used to mix the solutions.

e Spray pyrolysis method: used to deposite
CdSe thin films.

e UV-Visible: used to measure the transmittance
and absorbance of the films.

e XRD spectrometer and Scanning electron
microscope were used to investigate the
structural properties of CdSe thin films.

e FElectrical circuit to measure the
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].

solution ‘ *- air
sprag icles
Heater

Fig. 1. Spray pyrolysis system
CdSe thinfilm -
Glass substrate——» e
Fig. 2. -V measurement circuit
Table 1. Spray technique parameters
Solution Dep. temp. °C No. of Sprays 1.~ate, Pressure, kg/cm? Distance, cm
sprays ml/min
65
CdSe 85 20 4.8 7.5 25
105
RESULTS AND DISCUSSION grain size was 70.40, 60.93 and 41.08 nm of the
Scanning  clectron  microscope  images films prepared at 65, 85 and 105 °C respectively.
o L . All the films are amorphous as shown in the XRD
indicate that the grain size decreases with ¢ (Fig. 4). It i cth tionine that th
temperature (Fig. 3), this decrease in grain size cs:pesct;llri?le lgﬁasé irllsc:;;)ses meﬁ}ioigﬁ eraaturz
with temperature is due to the high change in the s phase, W P
substrate  temperature. The  increase  in during the deposition. The X-ray spectrum show
temperature will lead to rapid drying in the Z‘;V%al 5p0e ng (5244'1867’12 269%113197426’9;06)%22’1331?8
droplets of the solution that fall on the hot T m e . ong
substrate, which will negatively affect the CdSe semiconductor. In addition, the grain size
adhesion strength of the droplets with substrates calculated f"rorn spectrum decreases  with
. temperature increase due to the low grow and
and then prevent the growth and aggregation of .
grains. The histograms in Fig.3 show the aggregation processes. T he XRD results agree
distribution of grain dimensions and the expected Wlth SEM) 1(111:121 ge: anél ,}nslﬁ) g;a)lrn results (average
average grain size in each sample, the average grain stze) {rig. « and 1abie 2).
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Fig. 3. Scanning electron microscope images of CdSe thin films prepared at different temperatures: (a) 65, (b) 85,
() 105 °C with image scale 3 um
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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

Average grain

Temperature °C 26° FWHM [°2Th.] D . hkl
size nm

25.26 2.6 31.3 110

26.94 2.76 29.6 110

29.46 2.00 41.0 110

105 37.18 1.48 56.6 46.57 200
43.22 1.43 59.5 210

53.62 1.16 76.6 220

55.46 2.88 31.1 221

24.86 1.52 53.5 100

26.98 2.84 28.7 110

29.46 1.56 52.6 110

36.98 2.29 36.5 200

25 43.18 1.92 44.50 210
47.78 2.72 31.94 61.01 310

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

26.9 1.40 58.35 110

28.06 0.80 102.36 110

35.14 2.32 35.92 111

433 2.12 4031 67.48 210

44.54 0.96 89.42 210

65 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).

60 1.4
—105'C
1.2
0 i —85°C
" 1 | 65°C
0.8 !
£ 30 X i
0.6
0 04
10 0.2 ;
a 0
300 400 500 500 700 800 900 1000 300 500 700 200 1100
Aonm A nm
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

196

ISSN 2079-1704. CPTS 2026. V. 17. N 2



Optical response of CdSe thin film prepared by spray pyrolysis technique

50
—e—105°C

90 | _e—gstc
"E" =
§ 30 65°C
o
= 20
=3

10

o .

1
v EeV

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
105 245

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 2eV 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.

10 -
—+—65°C
8 1 —a—ss5C
< b 105°C
£
=4 ]
2 -
0 ;
0 1

Fig. 7. CdSe thin films [-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
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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 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

with deposition temperature. The increase in temperature 85 °C and 2.45 ¢V for the film

temperature will lead to rapid drying in the prepared at 105 °C.

droplets of the solution that fall on the hot ACKNOWLEDGEMENTS
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

Scanning electron microscope images
indicate that the grain size inversely proportional
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Y yvomy oocniooscenni mouxi niisku CdSe Ha ocHogi kaomito ma ceneny 6yau ompumani Memooom XiMiuHO20
PO3NUNIOBANLHO20 NIPONIZY Npu PisHUX memnepamypax nioknaoku (65, 85 ma 105 °C). Touxi nuiexu CdSe na ocnosi
ceneHioy KaoMilo Ha CKASHUX craidax Oyau niooaui piznum memooam sunpobysats. Posmip zepen CdSe smenuyemucs
30 30inbUleHHAM memnepamypu ocaodcennsi. Bci nuieku € amop@uumu. Kpucmaniuna ¢paza 36ineuyemocs 3
memnepamypoio nio yac ocaodicents. Penmeeniecokuil cnexmp nokasye KiibKa niKis, Wo Haiexcams HanignposioHUKy
CdSe. 306pasicennss SEM ma penmeeniecoruti Ou@paxyitinuii Cnekmp nIieoK HOKA3yiomb, W0 PO3MIP 3ePHA CMAHOBUE
6nuzoko 46.57 um ons naieku, sueomosnenoi npu 105 °C, ma 36inouysascsi 0o npubauzno 61 um ma 67.48 um ons
nuiexu, gueomosnenoi npu 85 ma 65 °C 6i0nogiono. Onmuuni 61acmueocmi, 6KIOYAIYU NPONYCKAHHS, NO2TUHAHHS
ma wupury 3a60pOHEHOT 30HU, NOMIMHO 3MIHI08AUCs 3 memnepamypor. Eg smiugysaecs 6i0 2 00 2.45 eB ons nnigok,
sueomogaenux npu 65 ma 105 °C sionogiono. Bumiprosanns eonvm-amnepnoi sanedxcnocmi (I-V) noxasyrome
30LMbUIEHHS CIMPYMY 3 MEMNePamyPOI0 OCAONCEHHS Yepe3 SMEHUIeHHS PO3MIDY 3epHd.

Knrouosi cnosa: mouxi nniexu CdSe, ximiunuil posnuniosaneHuil Niponis, ONMu4Hi 61ACMUBOCmi ma 6nius
memnepamypu Ha posmip 3epHa
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