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Silver oxide thin films were deposited by sputtering the silver metal on glass substrates in 

flow of O2/Ar gas. The thin film thickness changed from 54 to 236 nm as the sputtering 

time changes. Both of the X-ray diffraction and the scanning electron microscopy studies 

show the dependence of the film structure on the film thickness. Silver oxide exists in 

different crystalline phases. The lowest as-deposited film thickness has major phase Ag2O. 

By increasing the film thickness, Ag2O3 phase becomes major phase beside Ag2O. The 

annealing films at 250
º
C shows both of Ag2O and Ag2O3 phases beside Ag metal phase. 

Furthermore, Ag2O3 phase appears as tiny phase at film thickness of 116 and 180 nm. The 

surface morphology of such films reveals different shapes. Fine crystallites, big particles 

were observed besides dominating like-sheets through all samples.  
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1. Introduction 
 

Binary silver oxide [1, 2] can be divided into different compounds such as AgO, Ag2O, 

Ag2O3, Ag3O4 [3], and Ag4O3 [4]. Ag2O3 can be decomposes into Ag2O and Oxygen [3]. Ag3O4 

and Ag2O3 were prepared by anodic oxidation of silver salt solutions at lower potentials [3]. Ag3O4 

is more stable than Ag2O3 and filtered as plate like, metallic, or black crystals. It decomposes to 

AgO at 63 
°
C [3]. The structural units of Ag3O4 is AgO4 linked together through corners and edges 

to form 3D network in which oxygen connects three silver ions giving AgO4/3 [3].  

On the other hand, Ag4O3 phase is known as an intermediate phase which can be formed 

from the electrochemical deposition of AgO [4]. The extended X-ray absorption fine structure 

spectroscopy (EXAFS) suggested that the formation of Ag4O3 phase comes from the 

electrochemical oxidation of Ag, AgO, or Ag2O [4]. 

Otherwise, AgO phase is stable at high oxygen pressure and at low temperature with 

different crystal structures (cubic, monoclinic, and tetragonal) while Ag2O has cubic structure [1, 

5]. Also, AgO has lower resistance than Ag2O phase [4]. Wang et al. reported that Ag2O can be 

used as a highly efficient photocatalyst to organic contaminants decomposition under visible-light 

irradiation [5]. So, Ag2O is photo-decomposes to metallic Ag and O2 [6]. Furthermore, Ag2O 

behave photoconductor with optical band gap of 1.2 eV [7] and 3.32 eV [8] depending on the 

preparation conditions. However, the reported optical band gap values for the mixture phases 

(AgO and Ag2O) are lying in the range from 2.4 to 2.7 eV [9]. 

Most of the scientific articles are dealt with the preparations of silver oxide thin films by 

the sputtering or the evaporation silver films followed by an oxidation in a reactive environment 

[10, 11], i.e. the reactive plasma excited by microwave [12] or by D.C. magnetron sputtering [13]. 

Farhat and Kandare [14] had prepared AgO thin films by oxidation of Ag in oxygen 

plasma. They found that the stoichiometric ratio of O/Ag was 1.12. Also, the estimated diffusion 

coefficient of oxygen in AgO was 5.3×10
-10

 cm
2
/day. The activation energy of such films was 0.1 
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eV. Unfortunately, the AgO films were unstable and decomposed to form Ag2O after several days. 

Hence, Mitaray et al. [15], proposed the following reaction to form the stoichiometric Ag2O: AgO 

+ Ag = Ag2O. 

Pettersson and Snyder [13] investigated the oxidation process of silver thin films prepared 

by R.F. Sputtering or by thermal evaporation and exposed these films to an oxygen plasma. The 

refractive index values of such films were found to be greater than 2. The film thickness of the 

silver oxide is twice of the film thickness of silver. Moreover, they proved that oxide films 

obtained from sputtering Ag in O2 have refractive index (2.5) higher than the oxidized of silver 

films. 

Another specific study of polycrystalline sliver oxide (Ag2O) thin films has been obtained 

by deposition of silver films by vacuum thermal evaporation and then oxidizing these films in pure 

oxygen gas [10]. The prepared films were studied by transmission electron microscopy and 

electron diffraction technique. Fractal and texture structure were observed. The diffraction rings 

are indexed to Ag2O phase ({002}, {1


13}, and {004}) while the texture axis is [110].  

The present study is a complementary investigation of silver oxide thin films obtained by 

DC magnetron sputtering technique at different deposition times in order to know the influence of 

silver in both of oxygen and argon atmosphere. Extending studies by X-ray diffraction (XRD), and 

scanning electron microscopy (SEM), were obtained on the as-deposited and the annealed films to 

provide some important physical parameters and constants such as crystal structure, and 

morphological surface of the studied films.   

 

 

2. Experimental details  
 

Silver oxide thin films were deposited on glass substrates using DC magnetron sputtering 

(DC/RF Magnetron Sputter System, Syskey Technologies- Taiwan). The glass slides were cleaned 

with acetone and deionized water several times then dried using nitrogen gas before the deposition 

process. For the deposition studies, High purity (99.999%) target for Ag (3×0.6 inch) metal was 

used. The plasma was generated inside the sputtering chamber by applying fixed DC power of 100 

W for Ag target with fixed oxygen and argon flow rates at 40 and 20 sccm, respectively. The 

deposition time is varied as 150, 300, 450 to 600 sec. The base pressure in the chamber was 

adjusted to 1×10
-6 

Torr before introducing Argon gas. The operating pressure of 5×10
-3

 Torr is 

then maintained with substrate rotation at 15 r/min.  

Thin film thicknesses were measured by surface profiler, DektakXT, Bruker, 

Germany. Table 1 describes the preparation condition of the studied films. 

 
Table 1. Sputtering conditions for deposition of silver oxide thin films. 

 

Sample Deposition time (s) Film thickness (nm) 
O2 gas flow rate 

(sccm) 

Ar gas flow rate 

(sccm) 

Ag1 150 54 

40 20 
Ag2 300 116 

Ag3 450 180 

Ag4 600 236 

 

 

X- ray diffraction (type Ultima-IV; Rigaku, Japan) operating at 40 kV and 40 mA with 

Cukα radiation (λ=0.154056 nm), was used to characterize the crystalline phases of the prepared 

films within 2θ from 20 to 80
°
.  

The morphological microstructure surfaces of the prepared films were investigated by 

field emission scanning electron microscope (FESEM) (JSM- 7600F; JEOL-Japan). The samples 

were coated with thin layer of conductive gold before investigation. 
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3. Results and discussion 
 

3.1 XRD investigation of the as-depositing and annealing sputtered silver oxide films 

Fig. 1 shows the XRD spectrum for the as-deposited films at different thicknesses. The 

observed major phases are cubic Ag2O and orthorhombic Ag2O3. Also, there is a weak peak for all 

films at about ~ 2θ = 30.3
º
 indicating to the AgO monoclinic phase. For silver oxide film at high 

thickness (236 nm), extra weak peaks at 2θ = 64.6
º
 and 77.5

º
 are detected and it represents the 

cubic sliver metal. Hence, each film thickness shows different planes of AgO, Ag2O, Ag2O3 and 

Ag. Table 2 represents the collective data of the studied films and their JCPDS numbers. 
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Fig.  1  XRD of the as-deposited silver oxide films under different thicknesses. 

 

 

Table 2 Crystal structure, crystallite size (D), the strain function (ε), and the dislocation  

density (δ) of the as-deposited sputtered films 

 

Phase Ag1 Ag2 Ag3 Ag4 JCPDS number 

Ag2O3 

Plane (040) (040) (040) (311) 

00-040-0909 
D (nm) 3.38 4.00 4.35 5.59 

ε 0.0086 0.0308 0.0282 0.0225 

δ (nm)
-2 

0.0875 0.0625 0.0528 0.0320 

Ag2O 

Plane (111) - (200) (200) 

00-001-1041 
D (nm) 10.23 - 5.04 7.93 

ε 0.0106 - 0.0222 0.0140 

δ (nm)
-2

 0.0009 - 0.0393 0.0159 

AgO 

Plane (110) 

00-022-0472 
D (nm) 8.38 5.96 4.06 2.47 

ε 0.0165 0.0232 0.0339 0.0140 

δ (nm)
-2

 0.0142 0.0282 0.0606 0.1640 

Ag 

Plane - - - (311) 

00-001-1164 
D (nm) - - - 17.15 

ε - - - 0.0034 

δ (nm)
-2

 - - - 0.0034 

 

 

For low films thickness (54 nm), the main major phase is cubic Ag2O. The peak of Ag2O 

has a sharp shoulder at around 2θ = 34
º
 and Ag2O3 phase can be observed. At 116 nm film 

thickness, the observed peak is more broadening than at 54 nm. Also, the major phase is Ag2O3. 

By increasing the deposition time / film thickness (450 sec / 180 nm), the film has two major 

phases Ag2O3 and Ag2O. While at the highest thickness (236 nm), the phase of Ag2O is sharply 
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reduced in the intensity value and the major phase is Ag2O3. Beside these two phases, new weak 

peaks at 2θ = 64.37
º
 and 77.33

º
 indicating to the presence of Ag metal but with very low ratio.  

Scherrer equation is always used to calculate the size of the crystallite (D) and it is 

depending on both of the full width at half maximum of the diffracted peak (β) in radian unit and 

the Bragg angle (θ) [16]: 

nm  
βcosθ

0.1371

βcosθ

0.89λ
D                                                        (1) 

 

Also, the strain function (ε), and the dislocation density (δ) [17,18] are calculated for the 

studied films in order to interpret the silver oxide mechanism or formation as follows: 
 

4

βcosθ
ε                                                                                       (2) 

 

2-

2
nm   

D

1
δ                                                                              (3) 

 

The values of the crystallite size, the strain, and the dislocation density are presented in 

Table 2. The crystallite size of Ag2O3 is observed to increase with increasing the film thickness or 

the deposition time, while the size of the crystallite is decreased as the film thickness or the 

deposition time increases for the AgO phase. The general trend for Ag2O phase is the same as the 

AgO except at the highest thickness (236 nm). Fig. 2 shows the variation of the crystallite size as a 

function of film thickness for Ag2O3 and AgO. 
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Fig. 2 The dependence of the crystallite size of Ag2O3 and AgO on the film thickness. 

 

 

On the other hand, when the films were annealed at 250 
º
C for 4 h, the mainly observed 

phases are Ag2O and Ag2O3 due to their highest peak through the diffraction pattern as shown in 

Fig. 3. All film samples show sharp and small peaks of Ag metal. Films of thickness 116 and 180 

nm have sharp peak of AgO phase at 2θ ~ 39.5. The film thickness of 236 nm shows the growth of 

Ag phase and the phase of AgO disappeared. Table 3 describes the crystal structure, the crystallite 

size (D), the strain (ε), and the dislocation density (δ) for the annealed films. 
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Fig. 3 XRD of the annealing films at 250 
º
C under different thicknesses. 

 

 

Table 3 Crystal structure, crystallite size (D), the strain function (ε), and the dislocation  

density (δ) for the main diffracted peaks of the annealed sputtered films. 

 

Phase Ag1 Ag2 Ag3 Ag4 JCPDS number 

Ag2O3 

Plane (440) 

00-040-0909 
D (nm) 17.02 10.57 17.44 21.50 

ε 0.0056 0.0091 0.0055 0.0045 

δ (nm)
-2 

0.0034 0.0089 0.0033 0.0022 

Ag2O 

Plane (200) 

00-001-1041 
D (nm) 21.06 11.84 15.59 23.27 

ε 0.0053 0.0093 0.0071 0.0048 

δ (nm)
-2

 0.0026 0.0071 0.0041 0.0018 

AgO 

Plane ( 022


) 

00-022-0472 D (nm) - 10.10 13.11 - 

ε - 0.0232 0.0082 - 

δ (nm)
-2

 - 0.0282 0.0058 - 

Ag 

Plane (311) 

00-001-1164 
D (nm) 8.65 11.70 15.88 20.2 

ε 0.0067 0.0049 0.0036 0.014 

δ (nm)
-2

 0.0133 0.0073 0.004 0.003 

 

 

From the previous results, it can be said that at the specific experimental condition the 

silver oxide began to deposit as Ag2O phase. As the result of the presence of atmospheric oxygen, 

the silver metal target is oxidized giving Ag2O major phase beside tiny kinks of Ag2O3 and AgO. 

By increasing the sputtering time (film thickness), the crystallites of Ag2O3 are grown and 

increased in their size from 3.38 nm to 5.59 nm. So, the kink of Ag2O3 is converted to another 

mainly phase beside Ag2O. The nano-AgO crystallites are observed to decrease with increasing the 

film thickness or the sputtering time as in Fig. 2. Furthermore, the nanocrystallites of Ag2O are 

observed to decrease with increasing the film thickness. Hence, it is suggested that at lower film 
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thickness (≤54 nm), the sputtered silver metal is oxidized to form Ag2O nanocrystallites. By 

increasing the sputtering time the Ag2O is completely converted to Ag2O3 at thickness around 116 

nm by the following reaction: 

 
Ag2O + O2 → Ag2O3 

 

This stage is called the intermediate level because the increasing of the sputtering time 

leads to increase the film thickness and the Ag2O3 will be then the main phase beside the Ag2O 

phase but in different plane as shown in Table 2. The highest film thickness at about 236 nm 

shows very weak of Ag metal due to not all silver metal tends to oxidize. So, it is expected that if 

the sputtering time exceeds 600 sec, Ag metal phase will be grown in expense of Ag2O and Ag2O3 

phases. 

When the films were annealed at 250 
º
C for 4h, the heat treatment of such films is 

supporting both of Ag2O and Ag2O3 phases. Beside these two phases the silver metal phase is also 

grown. At the lowest and the highest film thickness (≤116 nm and 236 nm, respectively) the 

mainly observed phase is Ag2O beside Ag2O3, while at thickness (180 nm) the phases are inverted 

as happened in the as-deposited films. Moreover, at the film thicknesses 116 and 180 nm, new 

diffracted peak of AgO phase is detected at 2θ ~ 39.5
º
. So, it may come from the reduction of 

Ag2O phase due to the effect heat treatment. This assumption is agreed with the decrease of the 

crystallite size of Ag2O during these specific two thicknesses as shown in Table 3.  

 

3.2 Thin films morphological investigation 

Fig. 4 represents the surface sections of the as-deposited silver oxide thin films. As clearly 

seen from Fig.4, all samples shows different phases or morphological structures. This result agreed 

with the XRD study. The lowest film thickness (54 nm) shows fine crystallites titled and aligned in 

parallel mode. Furthermore, the presence of large sheets and particles are also observed. The tilting 

of such crystallites, sheets, or particles may be due to specific planes of Ag2O, Ag2O3 and AgO 

phases. The large sheets have irregular shape for lowest film thickness converted to smooth and 

regular sheets when the film thickness increases to 116 nm. Also, the fine crystallites number 

appears more than that observed at lower thickness and randomly distributed through the layers. 

By increasing the film thickness to 180 nm, the sheets have irregular shapes and aggregates on the 

surface film. The fine crystallites and the big particles in Ag3 sample are observed to be less than 

Ag1 sample. The same behavior is also observed for the largest film thickness (236 nm) but with 

only some few big particles. 

 

 
Fig. 4 SEM images of the as-deposited films. 
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For the annealing films at 450 
º
C for 4h, the morphological surface is seen to be more 

clearly and distinguishable as observed in Fig.5. The phase separation phenomenon is also 

observed through all samples. Hence, different phases are detected in all surface patterns. For the 

lowest film thickness (54 nm), three types of phases are clearly observed. Fine particles and 

aggregated small particles are randomly distributed through the surface pattern. Also medium 

irregular sheets are also presented. These sheets become larger in size for films of thickness (116 

nm).  

The morphological structure of Ag3 and Ag4 samples is quite different especially the Ag3 

sample which has pores. The size of sheets becomes smaller than Ag1 and Ag2 samples. Few fine 

particles can also be detected. The pores are decreased for films of thickness (236 nm) and the 

sheets become larger in size. 

 

 
Fig. 5 Morphological surface of the annealing films at 250 

º
C. 

 

 

4. Conclusions 
 

Silver metal can be oxidized in O2/Ar atmospheric flow to form Ag2O phase at low film 

thickness or at the beginning of the deposition. Film thickness plays an important role to 

characterize the silver oxide films. At 116 nm thickness, Ag2O3 is the dominating phase although 

the starting film at 54 nm is Ag2O. The suggested mechanism is Ag2O react with O2 to form Ag2O3 

phase. At higher film thickness, the observed phases are both of Ag2O3 and Ag2O. The crystallite 

size of Ag2O3 increases as the film thickness increase.  

When the films annealed at 250 
º
C, the silver oxide phases are more distinguished than the 

as-deposited films. The major phases are also Ag2O3 and Ag2O. The morphological surface for all 

films shows phase separation on the film surface and sheets shape beside particles and fine 

crystallites are found. So, under the specific preparation condition, nano-sheets of silver oxide can 

be formed and the formation Ag2O3 may be formed from the oxidation of Ag target. 
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