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Characterization of silver oxide thin films with thickness variation
prepared by thermal evaporation method
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Thermal evaporation technique has been used to produce silver oxide (AgO). The findings
demonstrate that the crystal quality of the AgO film was dominated by the thin and sharp
peaks at (111) plans. Atomic Force Microscopy (AFM) confirm that the distribution grains
size appears nanostructure and homogeneous in all films. RMS decreased from 6.84 nm to
2.17 nm with thicknesses 200 nm. The surface roughness decreased from 7.82 nm to 3.22
nm. The distribution of grains size appears nanostructured and homogeneous in all films,
and a slight decrease in average particle size. The surface displayed that the roughness
decreased with the increase in thicknesses. The spectrum fluctuation of their optical
constants has been calculated using transmittance and absorption data. In the visible region
of the wavelength, all films have a high absorption coefficient with a value of 10* (cm™).
According to the optical measurements, the films have a band gap between 1.73 and 1.61
eV. The Extinction coefficient and refractive index drop as film thickness rises.
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1. Introduction

Due to their unusual optical characteristics, thin silver films have received much attention
[1, 2]. Numerous optical technologies, including solar cells and light-emitting diodes, as well as
ways to enhance the characteristics of organic semiconductor materials and introduce novel
metamaterials, have found a use for them [3, 4]. According to studies, silver oxide films have a
band gap that ranges from 1.2 to 3.4 eV, making them useful as sensors for gas detection and
photovoltaic materials [5, 6]. The aggregation of grains during the grown of thin films is known to
be controlled by the deposition circumstances, including the rate of deposition, vacuum pressure,
and type and temperature of the substrate. [7,8]. Many methods were employed to grow AgO like,
PLD [9]. RF, DC sputtering [10,11], chemical synthesis [12], vapor-liquid-solid process [13],
CBD [14]. Spray pyrolysis method [15], and Thermal Evaporation [16-19]. One of the first
methods for depositing thin films is thermal evaporation, which is still commonly employed in
research labs and industrial settings to deposit metals and metal alloys. The production of thin
films of semiconducting materials and alloys has already been done using this method. The
thickness Effect on the optical characteristics of thin silver coatings produced by thermal
evaporation is the subject of the current study.

2. Experimental

For the deposition of Ag thin films, glass slides were employed as the substrate material.
They were cut using a steel cutter tool into squares measuring (1.51.5) cm?, which were in line
with the size of the substrate holder. To get rid of the protein compounds and contaminants on the
glass slides' surface, a diluted chemical detergent solution was used to clean them. Using a coating
unit at a vacuum of around (210-5) Torr. Ag with three masses of 1.00g, 1.15g, and 1.29 g was
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deposited using the thermal evaporation method. All samples had identical deposition times of 1
minute, and their evaporation rates were 23.5 nm/min. At a distance of around 18 cm, the well-
cleaned glass base was positioned directly above the source. The film thickness (100, 150, and 200
nm) was determined using the interference technique. With the aid of Xray diffractometer
(Angstrom AA 3000), Ag thin films were examined independently. Atomic force microscopy
(AFM) and optical transmittance spectra for thin films that had already been deposited were
captured using a UV-visible shimadzu twin-beam spectrophotometer that operated in the 300-900
nm wavelength range.

3. Results and discussions

From Figure 1, four peaks at 20 = 32.03°, 37.24°, 54.71° and 63.46° of silver-coated films
with polycrystalline F.C.C structure. The corresponding planes are (200), (111), (202) and (311.
The peak obtained for the thin film at 20 = 37.24° has a considerably higher intensity, indicating
that the (111) orientation is the preferred direction for growth. In addition, it was compared to
JCPDS card No. (43-1038). The cleanliness of the coated films is also evident in Figure 1. [19].
These results agree with Alhasan et al [20].

The crystallite size(D) were determined employing Scherrer formula [21-23]:

0.914
o Bcos6 (1)

where A is the X-ray wavelength, B is FWHM, and 20 is the diffraction angle in degrees. The
computed D for thicknesses of 100 nm, 150 nm, and 200 nm are 13.52 nm, 13.97 nm, and 14.70
nm, respectively. It was found that when thickness rose, the average crystal size increased. [20].

The quantity of defects present in the grown samples is calculated using the following equation,
and the dislocation density is employed. [24-26].

1

6=13 )

The lattice strain (¢) has been determined by using the tangent formula [27-29]:

_ PBcosb
€= 4

(3)

Table 1 summarizes (D), (0) and (¢) of AgO thin films grown by using various thicknesses. The
acquired structural characteristics are shown in Table 1, with the strain value decreasing with
increasing thicknesses. Figure (2) shows thicknesses vs FWHM, D.
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Table 1. shows the XRD parameters calculated for AgO films with different thicknesses.

Dislocati
Thickness 20 (hkl) | FWHM Optical Grain size l;::ﬁ:itl;ns Strain
(nm) © Plane ©®) bandgap (eV) (nm) (x 10') (lines/m?) (x 10%)
100 37.24 111 0.62 1.73 13.52 54.70 25.63
150 37.20 111 0.60 1.68 13.97 51.23 24.80
200 37.15 111 0.57 1.61 14.70 46.22 23.57
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Fig.2.a) FWHM b) D c) 6 and d) € parameters of the grown films.
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4. Topography surface analysis

By using AFM analysis, the films' surface morphology was investigated. All films had a
scan area of (2 x 2) mm. Figure 3 (A1, Az, and A3) displays three-dimensional AFM pictures of the
silver films as they were deposited on the glass substrate. Smaller particles have developed on the
surface of the substrate, and the pyramidal shape is visible. The distribution grains size appears
nanostructure and homogeneous in all films and slight decrease in average particle size. The
surface displayed that the roughness decreased with the increased thicknesses. The AgO
crystallites developed substantially on the grain morphology are represented by the bright spot on
the film's surface [20]. Table 2 lists the variables, including average roughness (Ra), average
particle size, and root mean square roughness (RMS). With thicknesses of 200 nm, it was seen that
the root mean square (RMS) roughness assessed from AFM images dropped from 6.84 nm to 2.17
nm. Fig. 3 illustrates spherical nanoparticles of uniform distribution constitute the surface of the
AgO thicknesses (100, 150 and 200) nm films. Introduction These particles have an extremely
high particle density per unit area and a very narrow size distribution. This demonstrates the film's
excellent crystalline quality. As the thickness was increased, the granules grew smaller [31]. This
outcome agrees with the XRD data. As shown in Table 2, the AFM measurement of grain size is
larger than the XRD measurement. AFM provides the grain size according to the distances
between the discernible grain boundaries.
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Fig.3: Atomic force microscope images (Al- A1), granularly distributed (B1- B3) and diversity of AFM
parameters against doping (CI -C3).
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Table 2. AFM Parameters of AgO films with different thicknesses

Thickness Average Particle size Ra R. M. S.
(nm) nm (nm) (nm)
100 72.0 7.82 6.84
150 60.7 4.14 3.95
200 27.6 3.22 2.17

5. Optical properties analysis

Figure 5 illustrates the films' transmittance (T%) and absorption spectra. All films exhibit
between 90 and 96 percent transmittance in the visible spectrum. The films also show increased
transmittance values in the long wavelength area of the spectra. The transmittance value quickly
rose from the (400-900 nm) range. This might be due to intergranular porosities found in the films
in AFM pictures. Undoped film has greater T%, and T% declines with thickness. [32].

The measured absorbance (A) of the film is related to transmittance (T) by [33-35]:

=)=

where the incident light is (Io), and the transmitted light is (I). UV-VIS spectrophotometer
measurements were used to record the optical absorption spectrum (absorbance as a function of
wavelength). The wavelength-dependent absorbance curve is shown in Figure 4. The thickness of
the formed AgO thin film affects its absorption, and optical absorption spectra between 300 and
900 nm were obtained. Figure (4) shows that for photons with a wavelength between 300 and 90
nm, AgO thin film with a thickness of 100 nm had the lowest absorbance and AgO thin film with a
thickness of 200 nm had the greatest. This was due to the rise in film thickness. [36].
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Fig. 4: Absorbance of AgO thin films.
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Fig. 5: Transmittance of AgO films.

Equation 5 is used to compute the absorption coefficient o [37-39]:

where d is the film's thickness. Figure 6 shows the change in. In the visible region of the
wavelength, all films exhibit a high awith value of 10* (cm™), indicating a straight transition. [19].
aincreases with increasing thickness.

The bandgap energy (E,) was calculated via Tauc’s relation [40-42]:
(ahv) = A(hv — E;)" (6)

where A is a constant, hv is the photon's energy, and n depends on the kind of transition.
Depending on whether they are permitted or disallowed, respectively, n is 1/2. The
measured values for thicknesses of 100 nm, 150 nm, and 200 nm are 1.73 eV, 1.68 eV, and 1.61
eV, respectively (Figure 7). As the thickness rises, the band gap somewhat narrows.
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The extinction coefficient of the films is calculated from the equation [43-45]:

al

k=7 %

where « is the absorption coefficient.

According to Fig. 8, the k value decreased with wavelength starting at 440 nm in the UV-

visible area and became saturated in the 600-900 nm VIS-infrared region. The value of k is
between 0.14 and 0.48, with the greater value occurring at about 440 nm, where it progressively
rises with decreasing thicknesses of 200 nm.
The refractive index analyses the material's electrical and optical characteristics. It is connected to
the local field of the material and the electronic polarization of ions, with 1.61 eV for thicknesses
of 100 nm, 150 nm, and 200 nm, respectively (Figure 7). As the thickness rises, the band gap
somewhat narrows. One way to calculate anything is to use the formula k = extinction coefficient
or absorption index, R = reflectance, and n = refractive index. It is commonly known that films'
refraction depends on how incident light interacts with the substance and that it rises as there are
more particles per unit area of light. Utilizing the reflectance (R) spectra, one may calculate the
refractive index (n) [46,47]:

R = (n — 1)2 8
“\n+1 ®
The formula was used to calculate the refractive index (n) of an AgO thin layer. [48]
1+VR
n= )
1-VR

where k is the extinction coefficient or absorption index, R is the reflectance, and n is the
refractive index It is well known that the refractivity of films relies on how incident light interacts
with the material, and that the refractivity of films increases when there are many particles per unit
area of light. Fig.9. shows the maximum value of # lies in the region 450-550 nm and # decreased
with increasing thicknesses. This may indicate the increase in the film's density after increasing
thicknesses and # fell with increasing thicknesses [49].
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Fig. 9. Refractive Index of thin films (Ag) these deposited on substrate (glass).

6. Conclusion

Silver oxide thin films are grown using thermal evaporation (homemade). Their structural,
morphology and optical properties were investigated using XRD, AFM and UV-Vis. The average
grain sizes are 13.52 nm, 13.97 nm and 14.70 nm for thicknesses of (100), 150 and 200) nm,
respectively. As layer thickness increases, strain and dislocation density become less significant.
Spectrophotometer and atomic force microscopy. With thicknesses of 200 nm, the root mean
square (RMS) roughness measured from AFM images dropped from 6.84 nm to 2.17 nm. The
absorption coefficient increased slightly as the film thickness increased, while the transmittance,
band gap, refractive index and Extinction coefficient decreased as film thickness increased.
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