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ABSTRACT

Cu2ZnSnO4 thin films were prepared by dip coating sol-gel method. Copper (II) acetate monohydrate, zinc (II) acetate dehydrate and tin (II) chloride dehydrate were used as the starting materials
of the sol-gel method, ethanol and mono ethylamine were used as the solvent and the stabilizer, respectively. The phase structure and optical properties of the thin films were investigated by X-ray
diffraction (XRD) and optical transmittance spectroscopy .The film prepared shows a good transmittance 83%-98% in the visible region, 2.16 refractive index and energy band gap about 2.3 eV.
Keywords: Dip coating; Sol-gel method; CuO, ZnO, SnO, Cu2ZnSnO4.

I. INTRODUCTION
CuO, ZnO, SnO three oxide semiconductor material have specific properties [1-16] for applications
such as thin film, magnetic memory devices, integrated circuits, rectifiers, transistors, amplifiers,
detectors, solar cell .
In recent years, SnO has received greater attention because it has a wide optical band gap of 2.7 eV
to 3.2 eV , but in contrast to the n-type behavior of SnO2, SnO exhibits p-type conductivity [17].
SnO thin film has transmittance 95% in the visible region and a 2 to 2.4 refractive index value.
These properties of SnO make it an interesting candidate for optoelectronic applications.
Copper oxide (CuO) is a p-type semiconductor with a band gap of 1.5 to 1.8 eV [18]. CuO thin film
has transmittance of 20% in the visible region and it reachs 90% for the high wavelength of the visible region with 2 to 2.5 refractive index values .Its applications may be for catalysis, lithiumcopper oxide electrochemical cells, solar cells, and gas sensors.
ZnO is a promising material for the use in ultraviolet or visible optoelectronic devices, because of
its direct wide band gap in the rage 2.5 eV to 3.2 eV. ZnO is naturally only n-type conduction due
to a large number of native defects, such as oxygen vacancies and zinc interstitials [19]. ZnO thin
film has transmittance of 99% in the middle of visible region and 2 to 2.4 refractive index values.
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In this study mixture of TZCO (2CuO, ZnO, SnO) thin films has been prepared and examined to get
a thin films with mixed properties from them. To prepare a thin film by dip coating the substrate is
taken and immersed in the sol then it is pulled up with constant withdrawal speed so the sample gets
five immersion steps, start up, deposition and drainage, evaporation, drainage as shown in figure (1)
[3][11][12].

Fig. 1: Dip coating steps to get a thin film

II. EXPERIMENTAL PROCEDURE
0.044 mole/l of Copper (II) acetate monohydrate, 0.022 mole/l of zinc (II) acetate dehydrate and 0.022/l
mole of tin (II) chloride dehydrate were used as the starting materials of the sol–gel method, ethanol and
mono ethyl amine were used as the solvent and the stabilizer, respectively, we add 5 ml from mono ethyl
amine as stabilizer. The solution was stirred at 45 C for an hour and soda lime glass substrates cleaned by
ultrasonic waves then washed by acetone and distilled water respectively.
The solution was dip coated on soda lime glass substrates then pulled up at 2cm/min withdrawal speed then
dried at 300 C. The process was repeated five times then annealed at 400 C for two hours.

III. RESULTS AND DISCUSSION
III.1. Structural properties for Cu2ZnSnO4 thin film prepared by sol-gel method
The XRD spectrums of the samples were recorded at room temperature using a Phillips PW 1480 Albaath
university labs. Figure (2) shows the XRD Spectrum of Cu2ZnSnO4 thin film. The line (112) at 2 =26.8° is
pointed to present of SnO, and the lines (002) at 2 =35.5° , (111 ) at 2 =38.9° are pointed to present of
CuO, and (101 ) at 2 =36.2° is pointed to present thin films of ZnO.

Counts

2
Fig. 2: Cu2ZnSnO4 thin film XRD Spectrum.
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III.2. Optical properties for Cu2ZnSnO4 thin film prepared by sol-gel method

Transmittance %

The optical transmittance was measured using a UV–VIS–NIR Jasco Scan spectrophotometer in the wavelength range from 190 nm to 2500 nm in Albaath University labs. Figure (3) shows the transmission spectum
as a function to wavelength for Cu2ZnSnO4 thin film by dip coating Sol – Gel. Figure (4) and figure (5) show
the absorption and reflection spectrum respectively.

λ (nm)

Absorbance %

Fig. 3: transmission spectrum of the Cu2ZnSnO4 thin film

λ (nm)

Reflectance %

Fig. 4: absorption spectrum of the Cu2ZnSnO4thin film

λ (nm)
Fig. 5: reflection spectrum of the Cu2ZnSnO4 thin film
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And with drawing the relationship between ( h )2 as a function to energy (h ) we can determine the energy
band gap of the direct allow transition for Cu2ZnSnO4 thin film by dip coating Sol-Gel as shown in Fig. 6.

h (eV)
Fig. 6: energy band gap for direct allow transition for Cu2ZnSnO4 thin film

The thickness and refractive index of the Cu2ZnSnO4 thin film was calculted using Manifacier and
Swanepoel method to determine the (n, d, , k) starting from transmission spectroscopy and it was
(192 nm) thickness and( 2.16) for refractive index. Table1 summarizes the properties of CuO, ZnO, SnO,
and Cu2ZnSnO4 prepared thin films.
Table 1: the properties of CuO, ZnO, SnO,and Cu2ZnSnO4 prepared thin films

Thin Film

Transmission
(300-800)nm

Refractive Index

Energy Band Gap
for allow Transition
(eV)

CuO

20-90%

2-2.5

1.5-1.8

ZnO

95-99%

2-2.5

2.5-3.2

SnO

>95%

2-2.4

2.7-3.2

Cu2ZnSnO4

83-98%

2.16

2.3

IV. CONCLUSIONS
Cu2ZnSnO4 thin films were prepared by dip coating sol-gel method. Copper (II) acetate monohydrate, zinc (II) acetate dehydrate and tin (II) chloride dehydrate were used as the starting materials,
ethanol and mono ethylamine were used as the solvent and the stabilizer, respectively. The solution
was stirred at 45 C for an hour and soda lime glass substrates cleaned by ultrasonic waves then
washed by acetone and distilled water respectively. The solution was dip coated on soda lime glass
substrates then pulled up at 2cm/min withdrawal speed then dried at 300 C. the process was repeated five times then annealed at 400 C for two hours. The film prepared has a good transmittance 83%-98% in the visible region and 2.16 refractive index and energy band gap about 2.3 eV.
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So, we get a good thin film from mixed three oxides ( CuO, SnO, ZnO) and get mixed characteristics from all. It has a good transmittance 83%-98% in the visible region and 2.16 refractive index
and energy band gap about 2.3 e.V.
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