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Annealing effect on physical characterisation and sensing properties
of nanostructered AgO thin films
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Thermal evaporation (TE)was employed to create thin coatings of AgO on glass
substrates. The post-annealing temperatures for the deposited films were (100, 150, and
200), respectively. The XRD data demonstrate that when annealing temperature climbed
from 100°C to 200°C, the intensity of (100) plane strengthened. Regardless of the
temperatures used for post-annealing, the XRD spectra show that the films are
polycrystalline and have a cubic structure. The average grain size was 15.39 nm, 16.30
nm, and 17.68 nm for the intended films. When the annealed temperature rises, the
dislocation density and strain value decrease. The root mean square (RMS) roughness
measured via AFM images decreased from 7.33 nm to 3.64 nm. Due to annealing at
200°C, the average particle size behaved similarly and reduced from 76.9 nm to 46.5 nm.
The surface roughness exhibited the same behavior and dropped from 8.77 nm to 4.46 nm
at 200 °C. The sample annealed at 200°C had the highest absorbance values, whereas the
sample annealed at 100°C had the highest transmittance values. As the film annealing
increased, the absorption coefficient rose somewhat. The bandgap of AgO thin films falls
from 1.59 eV to 1.44 eV with the rise of annealing. In contrast, the transmittance,
refractive index, and Extinction coefficient also lower as the temperature rises. Sensitivity
measurements indicated a reduction in sensitivity as the annealing temperature and gas
concentration increased.
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1. Introduction

Many research teams have been interested in silver oxide thin films recently [1-9], mainly
because they have important uses as storage devices. Photovoltaic materials like AgO are used as
active cathode in batteries, antimicrobial coatings, photocatalysts, and optical memory. There are
several phases in the binary Ag-O system, containing Ag,0, Ag3Os, AgO, AgsOs, and Ag,0s [4,5].
The most stable of these various molecules is Ag>O. [6,7]. AgO thin film has a band gap of 1.2 to
3.4 eV [8,9]. AgxO is a thermodynamically unstable substance. At 220 °C, it breaks down into
Ag>O; at about 410 °C, it turns into metallic Ag and O, [10]. There are several ways to make silver
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oxide thin films like; Reactive sputtering [4, 11-14] and electron-beam evaporation [15-16] are
the main methods employed for depositing AgiO films. PLD is another approach [15, 17].
Electrochemical processes and chemistry [18, 19], electrochemical processes [20, 21], and thermal
evaporation [22-23]. We chose this method because the final one offers advantages, including
improved substrate temperature, controllable excitation energy on oxygen pressure, and cost-
effectiveness. Using the thermal evaporation process, we created undoped thin films from AgO. It
investigated how annealing affected the structural, morphological, and specific optical
characteristics of AgO films.

2. Experimental

Thermal evaporation was used to deposit Ag films from a high-purity Ag (99.99%) target
onto glass substrates. Once the required vacuum of 10~ Torr has been reached, a strong current of
225 A is gently conducted through the boat, causing silver to evaporate and deposit itself as thin
coatings of Ag on surfaces. Deposition takes place for 15 minutes, and 25 cm separate the source
and the substrate. To create silver oxide films, the obtained films were annealed in a thermal oven
for 2 hrs. at 100°C (sample 1), 150°C (sample 2), and 200°C (sample 3). Film thickness was
reported to be 120 nm £10 nm using the weighing balance, AFM was used to analyze the samples'
surface morphology while in ambient conditions and functioning in the tapping mode. The
morphology was employed using SEM. A UV-Vis spectrophotometer and an integrating sphere
were used to measure the transmittance and reflectance. Gas sensing measurements were
conducted using the testing system depicted in Figure (1).
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Fig. 1. Schematic diagram of gas sensor system.

3. Results and discussions

XRD patterns for AgO thin films on a glass substrate are shown in Figure (2). As seen in
Fig. (2), AgO XRD patterns Films are polycrystalline materials, as may be offered. Figure 1's
revelations include There are several peaks at the diffraction angles of 34.18°, 37.13°, 52.58°, and
62.31° that are, respectively, attributable to the (002), (111), (020), and (220) planes[20], and
planes which have been compared with the standard XRD diffraction date standard JCPDS card
No, demonstrate the preferred growth along (100) orientation, with the peak produced for thin film
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at 2 = 34.18° having a considerably greater intensity (43-1038) Where it was discovered,
tetrahedral-shaped thin films are made [24].

Through Debye-Scherrer's relation, it was calculated the crystallite size (D)[26-28]

091
- BcosO
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where B is FWHM and A is X-ray wavelength. The results are shown in Table 1, demonstrating
that D increases for higher annealing temperatures of 200°C compared to annealing at 100°C. It is
discovered that D ranges from 15.39 nm to 17.68 nm in response to a systematically rising
annealing temperature (Tan) of 200°C [29].

We may calculate the dislocation density using the relationships in equation 2. [30-32]

5=—

D2

(2)

The dislocation density is 42.18, 37.62, and 31.99 with various annealing temperatures
[31, 32].

We can use the relations in equation 3 to evaluate the lattice strain (¢) [33-35]:
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The strain is discovered to be 22.51, 21.26, and 19.60 [34]. Table 1 provides the computed
structural parameters. 1

Figure (3) illustrates the relationship between the prepared films' FWHM, grain size,
dislocation density, and strain. It mentions the inverse link between D and other factors. Figure (2)
shows strain vs annealing temperature for Structural parameters Spar..
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Fig. 2. XRD of deposit films.

Table 1. D, Eq and Spar. of prepared films.

. )
Specimen 20 hkl FWHM €
pect S b EWEM B ev) | pem) | ecroty | E
( ) ane ( ) (lines/mz) ( )
100 34.18 100 0.54 1.59 15.39 42.18 22.51
150 34.17 100 0.51 1.51 16.30 37.62 21.26
200 34.12 100 047 1.44 17.68 31.99 19.60
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AgO thin films with surface morphological qualities after being annealed at (100, 150, and
200) °C Scanner probe microscopy was used to perform the surface morphological analysis. The
AFM pictures are shown in Fig. (4) (A1, Az, and Aj). Spectrophotometer and atomic force
microscopy. Due to annealing at 200°C, the average particle size P, behaved similarly and
reduced from 76.9 nm to 46.5 nm. Due to annealing at 200°C, the surface roughness R, exhibited
the same behavior and dropped from 8.77 nm to 4.46 nm. With annealed 200°C, RMS roughness
decreased from 7.33 nm to 3.64 nm. Figure 3 provides AFM parameters Parpm for AgO thin films
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Fig. 3. FWHM (a) D (b) 6 (c) € (d) of the grown films.

annealing at (100, 150, and 200) °C. Table 2 lists the AFM values.

Table 2. P4ry of deposit films.

Specimen Pav Ra RMS
°C nm (nm) (nm)
100 7.9 8.77 7.33
150 64.3 5.63 6.75
200 46.5 4.46 3.64
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Fig. 4. AFM surface morphological analysis of AgO
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AgO's cluster structure is depicted in the SEM picture of AgO Figure 5. It is seen that as
Tan increases, the size of clusters increases.
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Fig. 5. SEM images of AgO: a 100°C, b 150 °C nm, c 200 °C.

Film transmittance demonstrates Excellent optical transparency with values of 73 and 69%
in the visible area for films annealed at 200 °C and 100 °C, respectively [12]. The relationship
between the film's measured absorbance (A) and transmittance (T) is [36-38]:
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where (I) is the transmitted light and (I,) is the incident light. The dependency of the optical
absorbance on wavelength is depicted in Figure (5). films with higher absorption in the UV region
(shorter wavelength side) and lower absorption (visible area) [37].Tthe rise in annealing
temperature increases absorbance. Figure (6) displays the transmittance spectrum of the intended
films. It was discovered that the transmittance fell off as the annealing temperature rose [13].
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Fig. 6. Absorbance of grown films.
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Fig. 7. Transmittance of grown films.

The absorption coefficient (o) were specified by equation [39-41].
a=(2.303%A)/!t 5)

where (t) is the thickness of the film, A is a constant. Plotting (o) against wavelength (A) in Figure
(8) indicates that for all films in the visible region, o > 4 x 10* cm™. This indicates that the
transition must be direct electronic [40, 41]. Since this state's characteristics are what cause
electrical conduction, to be significant. Furthermore, figure 6 demonstrates that the annealed
200°C films have a higher value of (o) than the 100°C annealed films. A decrease in the number of

flaws and an increase in D could cause the absorbance to decrease with an increase in annealing
degree [11].
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The relationship that was utilised to compute the optical energy gap(E,) of AgO is [42-43]:

(ahv) = A(hv — Eg)% (6)

where hv is the photon energy, A is a constant, the relations are plotted between (ahv)* and photon
energy (hv), E, decreases as Ta, increases. The obtained values of Eg (1.59, 1.51 and 1.044) eV
agree with those reported for AgO thin films prepared by other techniques [11].
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Fig. 9. (ahv)2 versus hv of grown films.

Extinction coefficient (K) was calculated using the related [45, -46].

g = 7
=i 7)

Figure 10 displays K values. It has been noted that the spectrum shape of K and (o) are
identical. T,y affected the K value at the visible region. For example, the value of K at 450 nm at
100°C is (0.564), whereas for 150°C at the same wavelength is (0.0.544), and at 200°C, is (0. 526).
The extinction coefficient decreases as annealing temperature increases for the film [47].
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The refractive index (n) measures how fast light travels in a vacuum compared to how fast

it travels through materials that do not absorb light. The equation was used to get the value of n.
[48, 491:

= (LR 4R g2
n_(l—R)+ (1-R)? k ®)

Figure 11 acquired the value of n in the visible region dependent on the film treatment

technique. The value of (n) at (450) nm at (100°C) is (2.907) while at 150°C at the same
wavelength is (2.825) and at (200°C) is (2.774).

It is clear that n decreases with T,, increased [50].
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Fig. 11. n of the grown films.

Figure (12) offers the relationship between resistance via time of AgO annealed at (100,
150 and 200) °C at 300 ppm and at operating temperature of 120 °C. An oxidation process results
from hydrogen (H:) molecules deposited on the surface. The release of bonded electrons to the
surface by certain O*" ions will cause the electrons to start drifting back to the conduction band
[52], increasing resistance and improving the potential wall under these circumstances [51].
Additionally, it was observed that the film AgO that has been annealed at 200 °C has the largest R,
which is directly related to the film sensitivity and the strongest resistance to the gas flow [52, 53].



521

L AR
Sensitivity = — =
Ry

R, —

x 100 % 9

70

—100°C

Resistance (KQ)
a
o

(4]
o

40

0 100 200 300 400 500 600 700 800
Time (sec)

Fig. 12. Dynamic Resistance Change of AgO film annealed at (100, 150 and 200) °C.

The sensitivity plots as function varying annealed at (100, 150 and 200) °C is shown in
figure (13) after exposure to Hydrogen gas. Due to the recombination process between the charge
carriers of holes and electrons released from oxygen, it is discovered that the sensitivity reduces
with increasing annealing temperature in relation to the rising electrical resistance of the film [54].
For different annealed at (100, 150, and 200) °C, respectively, the sensitivity dropped from 36.8%
to 15.6% for 300 ppm, from 30.1% to 13.1% for 200 ppm, and from 23.5% to 3.8% for 100 ppm
[55].
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Fig. 13. Sensitivity of AgO annealed at (100, 150 and 200) °C.

4. Conclusion

AgO thin films were created using the thermal evaporation method. The (100) plane's
XRD intensity increased as annealing temperature increased. While the strain rose from 22.50 to
19.60, the grain size for annealing at 100°C and 200°C is approximately (15.39-17.39) nm. AFM
studies revealed a smooth R, with RMS values decreasing from 7.33 nm to 3.64 nm from the film
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annealed at 100°C and 200°C. Due to annealing at 200°C, the average particle size behaved
similarly and reduced from 76.9 nm to 46.5 nm. According to optical spectroscopy results,
annealed metal at 200°C had the highest absorption levels. Excellent optical transparency is
demonstrated by the optical transmittance of the films, which have optical transmittance in the
visible area of 73 and 69% for films annealed at 200 °C and 100 °C, respectively. Additionally, it
was discovered that E, reduced as T., rose while the absorption coefficient increased. With a rise
in film annealing temperature, extinction coefficient and refractive index drop. The best sensitivity
was obtained for is annealed at 250 °C AgO was (36.8%) at an operating temperature of (120 °C)
for 300 ppm gas concentration.
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