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ABSTRACT

In the presented study, while ZnO thin films were deposited onto glass substrates, chemical bath
deposition method was used and Na,S,05; was used as an inhibitor to reduce the reaction rate. Four
different samples were produced using 0, 4, 8 and 16mM Na,S,0s, respectively. The images obtained
from the scanning electron microscope showed that the amount of nano flowers on the film surfaces
decreased due to the increase in the amount of inhibitor. The X-ray diffraction results were consistent
with the ASTM card and showed that all the films were crystallized in a hexagonal structure. UV
measurements showed that the absorbance value of the sample obtained without the use of inhibitor
was up to four times higher than the other samples. It was observed that the energy band gaps of the
films increased up to 4.24 eV depending on the amount of inhibitor. Visual analysis showed that all
films adhered very well to the glass surface.
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1. INTRODUCTION

Thin films, which have an important place for scientific and industrial studies due to their wide
application areas, attract the attention of researchers, while zinc oxide (ZnO) thin films get their share
of this interest. Zinc oxide is a non-toxic, low-cost and easily accessible [1]. Showing n-type
semiconductor properties due to the presence of oxygen vacancies, ZnO has an energy band gap of
3.37 eV and an exciton binding energy of 60 meV at room temperature [2-4]. Application areas of
ZnO thin films include many applications such as optoelectronic devices, photo-catalysts, and
ultraviolet laser diodes, cathode ray tubes, gas sensors and piezoelectric transducers [5-8]. ZnO thin
films are used as conductive and optical cover layers of large-area solar cells [9].

ZnO crystallizes in a hexagonal wurtzite structure [10, 11]. Many techniques are used to produce zinc
oxide thin films. These techniques include magnetron sputtering, electro deposition, pulsed laser
deposition (PLD), thermal oxidation, spray pyrolysis, chemical vapor deposition (CVD), sol-gel
techniques, and chemical bath deposition (CBD) [12-18]. In the present study, the chemical bath
deposition technique was chosen to deposit ZnO thin films due to its advantages such as simplicity of
the required equipment, ability to be deposited at relatively low temperatures, and low cost.
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While producing compound semiconductors with CBD, many properties that can be changed and
controlled such as solution temperature, mixing speed, pH value, complex agent type and amount,
deposition time have been investigated by researchers [8, 9, 19, 20]. However, no study was found in
which Sodium thiosulfate (Na,S,03) was used as an inhibitor in the precipitation of ZnO thin films. In
addition, in a study, it was reported that the reaction rate was reduced by using Sodium sulfite
(Na,S03) while producing ZnO thin films. In that study, the use of inhibitor significantly affected the
crystallite dimensions and increased the energy band gaps 1.03V more than the previous value [21].

In this study, the reaction rate was reduced by using Na,S,0j in three different molarities as inhibitor.
Na,S,03; was used for the first time in the literature for ZnO precipitation by chemical bath deposition
method. It has been observed that the absorbance values of the films produced by using inhibitor
during ZnO production were quite low, and in parallel with this, their transmittance values were quite
high. The energy band gap values of the films were 3.89 eV when no inhibitor was used. When the
inhibitor was used, it ranged from 4.13 eV to 4.24 eV. Analyzes using SEM images magnified 1000
times and 20000 times showed that as the amount of Na,S,0; increased, the nano-flowers on the film
surfaces decreased.

2. EXPERIMENTAL DETAILS

Zn0 thin films were deposited on glass substrates using the chemical bath deposition method. Before
starting the deposition process, glass substrates were washed with acetone and rinsed with deionized
water. While the first sample labeled SO was produced, 60 mM ZnCl, and 8 mM EDTA were
dissolved in 100 ml of deionized water without using an inhibitor, and ammonia (NH3) was added
with a dropper until the pH value of the solution was 9.5. While producing the samples labeled S1, S2
and S3, 4, 8 and 16 mM Na,S,0; were added to the final solution, respectively. While all samples
were being fabricated, the solution temperature was kept at 85 + 2 °C and mixed at 600 rpm. The
deposition process was continued for 20, 25, 30 and 35 minutes, respectively, depending on the
amount of inhibitor. When the deposition process was completed, the films were rinsed by using
deionized water, labeled and left to dry at room conditions. Experimental conditions were tabulated
and given in Table 1.

Table 1.Experimental conditions for ZnO deposited by chemical bath deposition method.

Experiments (Zr:11|(\:/||)2 (En?&')“\ ;';%r;lp- Ph (an?ﬁi;o3 ?ﬁ?:'“on
SO 60 8 85+2 9.5 0 20
S1 60 8 85+2 9.5 4 25
S2 60 8 85+2 9.5 8 30
s3 60 8 8542 95 16 35

The thickness of ZnO thin films was calculated using the Gravimetric method which has been given in
Eq. 1[22].
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t=—> (1)

In this equation, t is the film thickness, m is the mass of the film, p is the density, and A is the surface
area. The bulk density value for ZnO is 5.675 g/cm®[23].

The thickness of the films named SO and S1 was calculated as 480 nm on average. Moreover, the
thickness of the sample named S2 was approximately 400 nm, and the thickness of S3 was
approximately 380 nm. These results showed that the thickness of the produced samples decreased as
the amount of Na,S,03 used increased.

A PANalytic Empyrean XRD was used to perform structural analyzes of ZnO films, a AandE lab with
single-beam UV-vis spectrometer and a Zeiss SUPRA 40VP SEM to determine their optical and
morphological properties, respectively.

3. RESULT AND DISCUSSION

3.1. Structural analysis of ZnO Films

In Figure 1, XRD diffraction patterns are given for ZnO thin films obtained depending on the amount
of Na,S,0sadded to the solution. When Figure 1 was examined, it was seen that all the films were
formed in a hexagonal structure and all of the matched the ASTM card no 98-005-7478. Preferred
orientations of the films were determined by using the TC (Texture coefficient) given in Eq. 2. [24].

I /1
_ Ttnkn/Tochkl
TC = FRWATTT )
N =N ey

Tablel. Calculated Texture Coefficients of ZnO films.

Experiments SO S1 S2 S3

T.C.(010) 0.92 0.95 0.85 0.85
T.C.(002) 0.68 0.79 0.85 1.00
T.C.(011) 1.39 1.25 1.30 1.25
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Figurel. Diffraction patterns of XRD for ZnO obtained using different molarities of inhibitor. a) 0
mM, b) 4 mM, ¢) 8 mMand d) 16 mM of Na,S,0x.

In this equation, I (hkl) is the measured relative intensity of a (hkl) plane and I, (hKI) is the standard
intensity of the (hkl) plane given in ASTM card. Preferred orientation values calculated using
Equation 2 are given in Table 2. When Figure 1 and Table 2 are examined together, it can be said that
the films obtained in SO, S1 and S2 have (011) preferential orientation. On the other hand, the film
obtained S3 exhibits two preferred orientations such as (011) and (002),

The Debye Scherrer formula used to calculate the crystallite size was given in Eq. 3 and the calculated
values were presented in Table 3.

0.089 * 180 * A

314 * BcosB¢ m
A= 154056 A (3)

CS =

It is denoted by the crystal size cs, the wavelength of X-ray radiation A, the full width half maximum
B, and the maximum center 26¢ [25]. In Table 3, crystallite sizes are given. It can be understand from
Table 3 that the average crystallite sizes range from 255 to. 292 nm
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Table2.The crystallite size and energy band gaps of the ZnO films.

. cs (nm) cs (nm) cs (nm) cs(nm) BandGap
Experiments ) (002) (011) Average (V)
SO 292 287 288 289 3.89
S1 270 275 280 275 4.22
S2 285 303 288 292 4.24
S3 272 275 220 255 4.13

3.2. Optical Properties of The ZnO films
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Figure 2. Absorbance measurements of ZnO thin films.
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Figure 3. Transmittance plots of ZnO thin films.

Optical absorbance values of ZnO thin films were measured with a UV-Vis spectrometer at
wavelengths between 650 and 300 nm and they were shown in Figure 2. Figure 2 shows that the
absorbance value of the sample produced without using the inhibitor is 2 to 4 times higher than the
samples produced using Na,S,0s. This means tha the transmittance values of the samples named S1
and S2 increase. Low absorbance and there for e high transmittance values are preferred for window

layers of solar cells. Transmittance graphs were given in Figure 3.

The Tauc equation is used to calculate the optical energy band gap of thin films and is shown in Eq. 4.

(ahv)? = Ahv — E,)™ 4)

In this equation, a is the absorption coefficient, hv is the photon energy, A is the constant, and Eg is
the energy band gap of the films. In direct band gap semiconductors, n is 1/2, in indirect band gap
semiconductors it is 2 [26, 27]. ZnO is a direct band gap semiconductor[28]. Eg band gap value is
obtained from the (ahv)?~hv graph. The point where the line drawn from the upper part of the curve
formed in this graph to the hv axis intersects the axis gives the band gap value[29]. The energy band
gap of thin films is given in Figure 4. Figure 4 shows that the energy band gaps of the films vary
between 3.89 eV and 4.24 eV .It is thought that these values may be due to film thicknesses, crystal
sizes and surface roughness. It has been observed in the literature that the energy band gaps of ZnO

thin films are 3.37 eV[3].
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Figure 3. Energy band gaps and Tauc plots of ZnO thin films.

3.3. SEM Analysis of The ZnO films
Scanning electron microscope was used to examine the surface morphology of the produced ZnO thin

film samples. Surface images of ZnO films magnified 1000 times and 20000 times were given in
Figure 5 and Figure 6 respectively.

In both magnifications, it was observed that nano flowers did not form on the surface of the sample
labeled SO, but the entire surface was completely covered. When the surfaces of the samples named
S1, S2, and S3were examined, it is seen that nano flowers were seen on all surfaces, but nano flowers
decrease due to the increase in the amount of inhibitor used. It is thought that this situation may be
due to the decrease in the reaction rate and the prolongation of the precipitation time due to the use of
inhibitor. It can be stated that the surface morphology of the films changes significantly depending on
the amount of inhibitor used.

Table 3. Surface roughness values changing depending on the amount of Na,S,0s.

Experiments ?Irglz\%os (F;?n) (F;?n)
SO 0 42 55
S1 4 56 67
S2 8 54 63
S3 16 51 60
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Figure 5. SEM images of ZnO films at 20,000 times magnification.
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SEM images used to analyze the surface roughness of the samples were processed with version 1.53¢
of ImageJ software. The surface roughness images obtained using this software were given in Figure 7
and the calculated average (Ra) and root mean square (Rq) surface roughness values were given in
Table 4. When the values given in Table 4 were examined, it was seen that the roughness values of the
films produced using inhibitor were relatively high. Due to the high surface roughness values of the
films produced using inhibitors, these films are thought to could be a suitable material for gas sensors.

Figure 6. Surface roughness plots of ZnO films.

3.4. Photos of The ZnO Thin Films

Photographs of all ZnO films are shown in Figure 8. All films adhere quite well to the glass substrate
surface and the film surfaces appear very compact. However, there was a tonal difference in the image
of SO compared to other films.
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Figure 8. The photographs of the ZnO films.
4. CONCLUSIONS

Thin films of ZnO were precipitated by the chemical bath deposition method and the optical and
morphological effects of the amount of Na,S,03 used as an inhibitor on thin films were investigated in
this study. Samples were named depending on the amount of inhibitor used. Namely SO- ZnO film
produced from the electrolyte without Na,S,03, S1- ZnO film fabricated from the electrolyte with 4
mM Na,S,03, S2- ZnO film deposited from the electrolyte with 8 mM Na,S,0; and S4- ZnO film
grown from the electrolyte with 16 mM Na,S,03. Optical analyzes of the films were made, and it was
observed that the point where the absorbance increased in the sample named SO corresponds to a
wavelength of 375 nm. It was determined that the absorbance of the other samples increased around
300 nm. At the same time, it was observed that the absorbance values of two samples named S1 and
S2 decreased significantly compared to SO and S3, and the transmittance values increased 20 times.
Low absorbance and high transmittance values allow these samples to be utilized as a window layer in
thin film solar cells.

The band gap of the samples was calculated using tauc plots. These calculations showed that the
energy band gaps of the samples named S0-S1-S2-S3 were 3.89 eV, 4.22 eV, 4.24 eV and 4.13 eV,
respectively. According to these results, the use of Na,S,03 as an inhibitor while producing ZnO thin
films caused a significant increase in the energy band gaps of the produced thin films.

According to the XRD results, it is seen that all of the films obtained are in hexagonal crystal
structure. However, the XRD graph obtained from the sample named SO shows that there are
impurities other than ZnO in the sample. When the XRD graphics of the other samples were
examined, it was concluded that the use of Na,S,03 as an inhibitor removed the impurities in the
crystal structure.

The surface morphology of the films was examined with a Scanning electron microscope (SEM),
SEM images showed that the nano flowers on the film surfaces decreased as the amount of inhibitor
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used increased. When the amount of Na,S,03 used was 4 mM and 8 mM, it was observed that the film
surfaces were completely covered with nano flowers.
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