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Abstract 

Ag oxide thin films were grown on glass substrates by sputtering an Ag target in an 

Ar+O2 mixed gas. Effects of O2 flow ratio on resistivity, reflectance and transmittance of the Ag 

oxide films were studied. Crystal structure and chemical binding state of the films were 

characterized by X-ray diffraction, X-ray photoelectron spectroscopy, and scanning electron 

microscopy. Ag films with a resistivity of 4 cm and a reflectance of 98% were obtained at O2 
flow ratios below 5%. The increase of resistivity and the decrease of reflectance were observed 

with increasing O2 flow ratio due to the formation of mixed films of Ag and Ag oxide. Above an O2 

flow ratio of 40%, the transmittance of the films increased and semitransparent Ag2O films with 

resistivity of an order of 108 cm were formed. 
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1. Introduction 

Recently, noble metal oxide thin films have attracted attention as materials for electronic 

and optical applications. For example, IrO2 and RuO2, which are conducting oxides with 

resistivities of approximately 50 cm, are used as capacitor electrodes of dynamic random access 
memories (DRAMs) and ferroelectric RAMs (FeRAMs) [1-3] and field emitter tips [4]. Pt oxide 

and Pt-Rh-Ox films [5-7] are also used as the capacitor electrode of FeRAMs. Machalett et al. [8] 

reported the direct writing of an electrical conducting area by decomposing insulating PtO2 thin 

films using a focused ion-beam (FIB) technique. Ag oxide and Pt oxide thin films are considered to 

be suitable for high-density optical disk memory technologies [9-12], because Ag and Pt 

nanoparticles are formed by laser irradiation to Ag oxide and Pt oxide films, and the nanoparticles 

are thought to be the origin of the super-resolution readout.  

In oxygen plasma, noble metals react with oxygen though noble metals are considered to 

be chemically stable. Reactive sputtering is one of the most commonly used techniques for 

preparing films of noble metal oxides. Thin films of reactively sputtered IrO2 [13-15], RuO2 

[16-18], Pt oxide [6,19,20], and Ag oxide [9,12,21-24] have been studied by many researchers. The 

electrical properties of IrO2 and RuO2 thin films have been studied extensively, however, only a few 

papers have been published on electrical properties of Ag oxide films prepared by reactive 

sputtering [24]. In this work, we studied the effects of O2 flow ratio on the electrical resistivity of 

Ag oxide thin films in detail. The crystal structure, chemical binding state, surface morphology and 

optical properties of Ag oxide thin films were also studied. 

 

2. Experimental 

Ag and Ag oxide thin films with a thickness of approximately 150 nm were deposited by 

a conventional RF diode sputtering technique. The sputtering target used was an Ag metal disk 

(99.9% purity) with a diameter of 80mm. Corning #7059 glass (30 40 mm) was used as a substrate. 

Substrate temperature was varied from room temperature (RT) to 200 C. Mixed gas of Ar and 
oxygen was used as a sputtering gas and the oxygen flow ratio, O2/(Ar+O2), was varied from 0% to 

100%. The total gas flow rate, sputtering gas pressure and rf power were kept constant at 3.5 

cm3/min, 1 Pa and 100 W, respectively. The crystal structure and chemical binding state of the 

deposited films were evaluated by X-ray diffraction (XRD) with Cu K  radiation and X-ray 

photoelectron spectroscopy (XPS) with Al K  radiation, respectively. Surface XPS spectra of the 
films without ion sputter cleaning were measured in order to avoid decomposition of Ag oxide. 

Calibration of the binding energy was based on the Au 4f7/2 XPS peak (84.0 eV) from a pure Au 
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thin film area, which was vacuum evaporated on the Ag and Ag oxide films. Resistivity was 

measured by a four-point probe method for low-resistance films and by a two-terminal method for 

high-resistance films. Since the resistivity of Ag oxide thin films varied by over ten orders of 

magnitude, we used three types of sample structure for the electrical measurements. A sample with 

an Ag oxide film deposited on a glass substrate was used for the four-point probe method. For the 

two-terminal measurement, a sample with two line-shaped Au electrodes deposited on an Ag oxide 

film and a sample with a parallel plate capacitor structure of Au/AgOx/Pt/glass were formed. The 

length and the separation width of the two line-shaped electrodes were 22 mm and 8 mm, 

respectively, and the electrode area of the parallel plate capacitor was 4 mm2. The upper Au and 

lower Pt electrodes were deposited by vacuum evaporation and sputtering, respectively. Film 

thickness was estimated by multiple beam interferometry. The surface morphology of the AgOx 

films was studied by scanning electron microscopy (SEM). The optical reflectance and 

transmittance of the films were evaluated in the wavelength region from 400 nm to 800 nm using a 

multichannel CCD (charge coupled device) detector. 

 

3. Results and Discussions 

First, the effect of O2 flow ratio on crystal structure was studied. Figure 1 (a) shows XRD 

patterns of AgOx films prepared at O2 flow ratios from 0% to 100% and a substrate temperature of 

RT. As seen from this figure, diffraction peaks due to Ag crystals with fcc structure are observed at 

O2 flow ratios of 0-30% and diffraction peaks due to cubic Ag2O (111) [25] are observed at O2 flow 

ratios of 10-30%. At O2 flow ratios above 30%, a broad peak appeared at a diffraction angle of 

approximately 35 . The broad peak may be ascribed to hexagonal Ag2O or Ag2CO3 [25], because 
Ag2O was reported to react with CO2 and form Ag2CO3 in air [23]. The intensity of the broad peak 

decreased with increasing O2 flow and the diffraction peaks almost disappeared at an O2 flow ratio 

of 100%. XRD patterns of the films prepared at an O2 flow ratio of 100% and substrate 

temperatures of RT, 100 C and 200 C are shown in Figure 1 (b). Diffraction peaks due to cubic 

Ag2O are clearly seen for the films deposited at substrate temperatures of 100 C and 200 C. This 
result indicates that highly crystallized Ag2O films are grown at substrate temperatures as high as 

200 C, however, thin film deposition at higher substrate temperatures was not carried out since it 

was reported that Ag2O decomposes to Ag at 200-400 C [26-28]. Figure 2 shows SEM images of 

Ag oxide films deposited at an O2 flow ratio of 100% and substrate temperatures of RT, 100 C and 

200 C. As is clearly seen in this figure, the surface of the film deposited at RT is very smooth, 

however, that of the films deposited at 100 C and 200 C becomes very rough. It is supposed that 



 4 

the surface migration of Ag atoms was enhanced and three-dimensional crystal growth occurred at 

high substrate temperatures. Therefore, measurements on XPS, electrical and optical properties of 

the films were carried out only for the films deposited at RT. 

Figure 3 shows Ag 3d and O 1s XPS spectra of the films deposited at O2 flow ratios of 

0% and 100% at RT. The binding energy of Ag 3d5/2 was found to be 368.2 eV for a film deposited 

at an O2 flow ratio of 0% and it shifted to 367.7 eV for a film deposited at an O2 flow ratio of 100%. 

Since the binding energies of 368.0-368.3 eV, 367.6-367.8 eV, and 367.3-367.4 eV were reported 

for pure Ag, Ag2O, and AgO, respectively [28-31], it is concluded that Ag and Ag2O films were 

formed at O2 flow ratios of 0% and 100%, respectively. In O 1s XPS spectra, a small peak at a 

binding energy of 531.0 eV was observed for a film deposited at an O2 flow ratio of 0%, and double 

peaks at 530.8 eV and 529.2 eV were observed for a film deposited at an O2 flow ratio of 100%. It 

is thought that the higher binding energy peaks at 531.0 eV and 530.8 eV are due to subsurface 

oxygen and Ag2CO3, and the lower binding energy peak at 529.2 eV is due to Ag2O [28,29]. From 

the results of XRD and XPS measurements, it is found that Ag films were formed at an O2 flow 

ratio of 0%, and Ag2O began to be incorporated into the deposited films above an O2 flow ratio of 

10%. Above an O2 flow ratio of 30%, The Ag crystals disappeared and Ag oxide films were 

formed.  

Next, we examined the electrical and optical properties of the AgOx films. Figure 4 shows 

the resistivity of the films as a function of O2 flow ratio. A resistivity of approximately 4 cm was 
obtained for a film deposited at an O2 flow ratio of 0% and the resistivity increased with increasing 

the O  flow ratio. A maximum resistivity of an order of 108 cm was obtained at an O2 flow ratio 

region of 40-80%, and the resistivity decreased slightly to an order of 104 cm at an O2 flow ratio 
of 100%. The resistivity of the pure Ag films deposited at a substrate temperature of RT was 

slightly higher than that of bulk Ag (1.6 cm). Since the crystal grain size estimated using 
Scherrer’s equation was only 30 nm, the resistivity of the pure Ag film is thought to be increased by 

electron scattering at grain boundaries and crystal defects. The increase of resistivity above an O2 

flow ratio of 10% is thought to be caused by the incorporation of oxygen atoms as an impurity and 

the formation of semiconducting Ag2O phase. Since Ag2O has been reported to be a p-type 

semiconductor [32] with a resistivity of 7 108 cm [33], it is confirmed that Ag2O films were 
formed at O2 flow ratios of 40-80%. The slight decrease of resistivity at an O2 flow ratio of 100% 

may be caused by the incorporation of a small amount of AgO, though the existence of AgO could 

not be confirmed by XRD and XPS measurements since a lower resistivity of 59.3 cm was 
reported for AgO [34]. The large difference (13 orders of magnitude) in resistivity between pure Ag 
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and Ag2O films and the low decomposition temperature of Ag2O is thought to be preferable for the 

FIB patterned electrode formation, similar to the case of PtO2 thin films [8]. Furthermore, the 

decomposition temperature of oxide films can be controlled by the composition of Ag-Pt oxide 

[35]. 

Reflectance and transmittance spectra of the films are shown in Figures 5 (a) and (b), 

respectively, and the values of reflectance and transmittance at a wavelength of 600 nm are plotted 

as a function of O2 flow ratio in Figure 6. A maximum reflectance of 98% was obtained at a 

wavelength of 600 nm for Ag films deposited at O2 flow ratios of 0% and 5%, however, the 

reflectance decreased to approximately 30% above an O2 flow ratio of 10%. The transmittance of 

the films was very low at O2 flow ratios below 25%, and it began to increase at an O2 flow ratio of 

30%. For the high-transmittance films deposited above 30%, interference patterns were clearly 

observed in the transmittance spectra and a maximum transmittance of 80% was obtained at a 

wavelength of approximately 650 nm. The change of transmittance and reflectance was found to 

depend on the composition of the films. High-reflectance films, low-reflectance and 

low-transmittance films, and low-reflectance and high-transmittance films correspond to Ag films, 

compound films of Ag and Ag oxide, and Ag2O films, respectively.  

 

 

4. Conclusion 

 The effects of O2 flow ratio on resistivity, reflectance and transmittance of Ag oxide films 

prepared by reactive sputtering were studied. The resistivity of pure Ag film was 4 cm. With 
increasing O2 flow ratio, the resistivity increased due to the formation of mixed films of Ag and 

Ag2O, and semitransparent Ag2O films with a resistivity of an order of 108 cm were formed above 
an O2 flow ratio of 40%. The optical properties of the films depended on the film composition and 

an abrupt decrease in reflectance was observed for the mixed films of Ag and Ag2O, and a 

relatively high transmittance was obtained for the Ag2O films.  
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Figure captions 

 

Fig. 1. XRD patterns of AgOx films deposited at various O2 flow ratios and substrate temperatures. 

(a): substrate temperature of RT. (b): O2 flow ratio of 100%. 

Fig. 2. Surface SEM images of AgOx films deposited at an O2 flow ratio of 100% and substrate 

temperatures of (a) RT, (b) 100 C and (c) 200 C. 
Fig. 3. Ag 3d and O 1s XPS spectra of AgOx films deposited at O2 flow ratios of 0% and 100%, and 

at a substrate temperature of RT. 

Fig. 4. Resistivity of AgOx films deposited at a substrate temperature of RT as a function of O2 flow 

ratio. 

Fig. 5. Reflectance and transmittance spectra of AgOx films deposited at various O2 flow ratios and 

at a substrate temperature of RT. 

Fig. 6. Reflectance and transmittance of AgOx films deposited at a substrate temperature of RT as a 

function of O2 flow ratio. The wavelength  used for the measurement was 600 nm. 



 9 

Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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