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This paper reports that a series of silver oxide (Ag;O) films are deposited on glass substrates by direct-current

reactive magnetron sputtering at a substrate temperature of 250 °C and an oxygen flux ratio of 15:18 by modifying the

sputtering power (SP). The Ag,O films deposited apparently show a structural evolution from cubic biphased (AgO
+ Ag20) to cubic single-phased (Agz0), and to biphased (AgaO + AgO) structure. Notably, the cubic single-phased
Ag20 film is deposited at the SP = 105 W and an AgO phase with (220) orientation discerned in the Ag,O films
deposited using the SP > 105 W. The transmissivity and reflectivity of the Ag,O films in transparent region decrease

with the increase the SP, whereas the absorptivity inversely increases with the increase of the SP. These results may be

due to the structural evolution and the increasing film thickness. A redshift of the films’ absorption edges determined

in terms of Tauc formula clearly occurs from 3.1 eV to 2.73 eV with the increase of the SP.
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1. Introduction

As reported,' =4 silver oxide (Ag,O) film has a
tuned energy band gap ranging from 1.2 eV-3.4 eV,
which is due to different stoichiometries, crystalline
phases and properties arising from different deposition
techniques. The tuned energy band gap makes the
Ag,O film have a tuned transparent region from near
infrared to visible, and to near ultraviolet. The Ag,O
film with these super optical properties has received
much attention due to its potential applications for the
short-wavelength optical and magneto-optical storage
since the 1990s. Fuji et al.l5) and Kim et al.l! indepen-
dently argued that Ag,O film can be used as a readout
layer for the optical disks and as a mask layer for the
magneto-optical disks. The thermal decomposition of
the Ag, O film heated by a focused laser to Ag particles
is involved in data read-in and read-out process. Gao
et al.["8] previously reported that the deposited Ag, O
film is biphased (AgO + Ag,0) via direct-current re-
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active magnetron (RM) sputtering (DC-RM sputter-
ing). The AgO phase is thermodynamically unstable
and decomposes to AgoO at about 200 °C, whereas
the AgoO phase is the most thermodynamically sta-
ble one among the possible phases of the Ag,O and
decomposes to Ag particles at about 300 °C. Chiu et
al.”! also reported that the critical thermal decompo-
sition temperatures (CTDT) of the AgO and Agy,O
phases are approximately 160 °C and 380 °C, respec-

tively.
Ag,O films can be prepared by chemical-bath
deposition,* thermal-evapouration combined with

[1,10 [3,7,8,11-15] ()f

glow dischargel’"'% and RM sputtering.
these, DC-RM sputtering is widely used due to the ad-
vantage of easy control of the atomic ratio of oxygen.
However, as previously reported by Gao et al.,["8! the
Ag, O film deposited by DC-RM sputtering is usually
biphased (AgO + Ago0) and single-phased Ag,O film
is difficult to prepare only by increasing the oxygen
flux ratio (OFR) (OFR = [O2]/[Ar]). Recently, Gao et
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al.'4=18] reported that the cubic single-phased AgoO
film can be deposited on glass substrate by DC-RM
sputtering using the sufficient oxygen technique com-
bined with the substrate heating. The optical proper-
ties and the thermal stability of the AgoO film were
investigated by using ellipsometry and rapidly thermal
processing, which indicates that the AgsO film has a
CTDT of approximately 200 °C. The result shows that
the substitute of the AgoO film into Ag,O film may
deal with the bottleneck of the application for the op-
tical and magneto-optical disks.

Although the effects of substrate temperature (7)
and OFR have been intensively studied on the crys-
talline structure and optical properties of the Ag,O
films, effect of the sputtering power is not reported
yet. In this work, a series of Ag,O films were de-
posited on glass substrates by DC-RM sputtering us-
ing Ty = 250 °C and OFR = 15/18 at different sputter-
ing power (SP). The effect of the SP on the film’s crys-
talline structure and optical properties was intensively
studied using x-ray diffractometry, energy dispersive
spectroscopy (EDS) and spectrophotometry, in order
to obtain the optimal SP value for the single-phased
Ag,0 film.

2. Experiment

A series of Ag,O films were deposited on glass
substrates by DC-RM sputtering for 30 min at Ty =
250 °C and a working pressure of 2.0 Pa using SP of
55, 65, 85, 105, 120, and 135 W with OFR = 15/18.
A high-purity (99.995%) rectangular Ag plate of size
220 mmx80 mmx5 mm was used as the sputtering
target. In order to avoid the unfavorable effect on film
quality, the glass substrates were rinsed sequentially
with acetone and alcohol in an ultrasonic bath for
10 min, and then heated to 300 °C in an ultrahigh vac-
uum chamber previously evacuated to a base pressure
below 4 x 10~% Pa. The film’s structure was measured
via x-ray diffractometry (XRD, Philips PANA-lytical
X’pert) and cold-field scanning electron microscopy
(SEM, JEOL-JSM-6700F). CuKa (A = 1.540598 nm)
was used as the x-ray source and the XRD spectra
measured with grazing angle of 5°. The film’s optical
reflectivity, transmissivity and absorptivity were mea-
sured by ultraviolet-visible-near infrared spectropho-
tometry (Shimadzu UV-3150).

3. Results and discussion

3.1. Crystalline structure

Figure 1 represents the XRD patterns of the
Ag,O films deposited by using different SP values.
Clearly, the Ag,O films deposited using the SP <
105 W show two diffraction peaks at 20 = 32.6° and
37.5°, the diffraction peak at 32.6° arises from the
diffraction of the cubic AgoO (111) planes, whereas
the diffraction peak at 37.5° is apparently asymmetric
and is regarded as the superposition of the cubic AgO
(200) and Ag20O (200) diffraction peaks. This indi-
cates that the Ag,O film deposited using SP < 105 W
is biphased (AgO+Ag20) and is AgoO (111) prefer-
entially oriented. The intensities of the AgoO (111)
diffraction peak and the diffraction peak at 37.5° in-
crease and decrease, respectively, with the increase of
the SP. Note that the intensity of the Ago,O (111)
diffraction peak reaches the maximum value, whereas
the diffraction peak at 37.5° completely disappears at
SP = 105 W. This indicates that the cubic single-
phased Ag2O film is deposited at the SP = 105 W,
which is in good agreement with the EDS of the Ag,O
film deposited using the SP = 105 W as given in Fig. 2.
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Fig. 1. The XRD patterns of the Ag;O films deposited
using different SP values.
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Fig. 2. Energy dispersive spectroscopy of the Ag,O film
deposited using sputtering power of 105 W.
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The EDS was obtained using the function at-
tached with the scanning electron microscope (SEM).
In SEM measurement, carbon was firstly sprayed on
the film surface in order to improve the film’s conduc-
tive ability and to obtain a clear surface morphology.

Table 1 gives the detailed elemental analysis re-
sult of the EDS in Fig. 2. The C element in Table
1 is from the carbon sprayed on the film surface and
the O element from both the Ag,O and the absorp-
tive carbon oxide. Although the atomic ratio of Ag
to O is about 1.72 and has a slight deviation from 2,
the Ag,O film deposited at the SP = 105 W is al-
most single-phased AgsO film if the O element from
the absorptive carbon oxide is canceled.

Table 1.
energy dispersive spectroscopy for the Ag,O film de-
posited using SP of 105 W.

Detailed elemental analysis result of the

element weight % atomic %
CK 8.73 37.14
O K 7.23 23.07
Ag L 84.04 39.79
totals 100.00 100.00

With further increasing the SP, noticeably, an ap-
parent diffraction peak appears at about 37°, which
originates from the diffraction of the tetrahedral AgO
(220) planes. In addition, the intensity of the AgoO
(111) diffraction peak begins to clearly decrease, in-
dicating that the Ag,O film deposited at the SP
> 105 W is biphased (Ag20O + AgO) and has no longer
the AgoO (111) preferential orientation. Notably, with
the SP reaching 135 W, the intensity of the tetrahedral
AgO (220) diffraction peak is apparently over that of
the AgoO (111) diffraction peak, indicating that the
Ag,O film is AgO (220) oriented. The tetrahedral
AgO phase is not reported and its formation mech-
anism is not well understood. The formation of the
tetrahedral AgO phases may be attributed to the en-
hanced surface bombardment and to the increase of
film deposition rate.

Figure 3 shows the full width at half maximum
(FWHM) of the AgoO (111) diffraction peak for the
Ag,O films deposited using different SP values. The
film’s FWHM apparently decreases firstly and then
increases with increasing the SP. The FWHM has a
minimum value at SP = 105 W. This indicates that
the Ag,O film is best crystallized at this SP, which
coincides with the fact that the single-phased Ag,O
film is deposited at the SP = 105 W. Figure 4 shows
the plot of the deposition rate versus SP for the Ag, O
films deposited by using different SP. The film’s depo-
sition rate is equal to the ratio of the film thickness to

the deposition time of 30 min. The film thickness d
was determined in terms of the interference oscillation
in the reflectivity spectra using the relation
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Fig. 3. Full width at half maximum (FWHM) of the

Ago0 (111) diffraction peak for the Ag;O films deposited
by using different SP values.
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Fig. 4. Plot of the deposition rate versus SP for the Ag,O
films deposited by using different SP values.

d= )\1)\2/2(/\1712 - )\277,1), (1)

where A; and Ay denote the wavelengths of the two ad-
jacent interference peaks, ni and no denote the refrac-
tive indexes, taking the value of 2.51. The film’s depo-
sition rate almost linearly increases with the increase
of the SP value. Meanwhile, the surface bombardment
caused by the ions is enhanced with the increase of the
SP, which will deeply affect the film’s microstructure
and optical properties. Figure 5 shows the average
grain size of the AgoO phase along (111) orientation
as calculated in terms of Scherrer’s formula

D =0.9)\/(B cosb), (2)

where A, § and 6 are the x-ray wavelength (A =
1.540598 nm), FWHM and Bragg diffraction angle,
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respectively. Apparently, the D firstly increases and
then decreases with the increase the SP. Especially,
the D reaches the maximum of approximate 30.6 nm
at the SP = 105 W. The D only changes between
24.5 nm and 30.6 nm with the increase of the SP.
The change in the D with increase of the SP may
be attributed to the enhanced surface bombardment
and to the increasing film stress. On the one hand,
the increasing film deposition rate can make a larger
film stress due to the poor mobility on the film sur-
face, which may restrain the film crystallization and
result in the formation of the large-sized grain. On the
other hand, the enhanced surface bombardment can
favourably help the formation of small-sized grains.
The double effects can reasonably explain the change
mechanism of the D with the increase of the SP. No-
tably, the effect of the latter is dominated at the SP
> 105 W.
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Fig. 5. Average grain size of the Ag2O phase along (111)
orientation as calculated in terms of Scherrer’s formula.

3.2. Optical properties

Figure 6 represents the transmissivity spectra of
the Ag,O films deposited by using different SP val-
ues. The interference-induced oscillation appears in
near infrared region, indicating a good transparency
in near infrared region. The transmissivity in trans-
parent region decreases with the increase of the SP,
which is attributed to the structural evolution and to
the increasing film thickness. Figure 7 represents the
reflectivity spectra of the Ag,O films deposited by us-
ing different SP values. The interference-induced os-
cillation apparently appears in near infrared and vis-
ible regions. The oscillation period is much smaller
than that in transmissivity spectra, indicating the ex-
istence of a rough surface. Figure 8 gives the absorp-
tivity spectra of the Ag,O films deposited by using
different SP values. As shown in Fig. 8, the film’s ab-
sorptivity obviously increases with the increase of the

SP. A redshift of the film’s absorption edge clearly oc-
curs from 3.2 eV to 2.75 eV. The transmissivity and
reflectivity of the Ag,O films in transparent region
decrease with the increase of the SP value, whereas
the absorptivity inversely increases with the increase
of the SP.
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Fig. 6. Transmissivity spectra of the Ag;O films de-

posited by using different SP values.
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Fig. 7. Reflectivity spectra of the Ag,O films deposited
by using different SP values.
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Fig. 8. Absorptivity spectra of the Ag,O films deposited
by using different SP values.
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Figure 9 shows the calculated optical band gap
(Eg.air) of the Ag,O films deposited by using different
SP in terms of Tauc formula

(ahv)? = B(hv — Eq qir), (3)

where a is the film’s absorptive coefficient near ab-
sorption edge, B is a structure-related constant, A is
Planck’s constant, and v is the frequency of the inci-
dent photon. The E; qir value can be obtained by ex-
trapolating the linear segments of the curves towards
the x axis. The a can be extrapolated by using the
relation

a = (1/d)In((1 - R?/T), (4)

where d is the film thickness, T and R are the film’s
transmissivity and reflectivity, respectively. The film’s
Eg qir decreases from 3.1 eV to 2.73 eV with the in-
crease of the SP, which is almost in agreement with
the absorptive edge determined by using absorptiv-
ity spectra. This indicates that the Ag,O film is a
direct-transition optical semiconductor material. In
addition, the cubic single-phased AgsO film deposited
at SP = 105 W has an FE, qi, of approximate 2.86 eV,
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Fig. 9. Calculated optical band gap of the Ag, O films de-

posited using different sputtering power in terms of Tauc

formula.

slightly larger than that reported by Gao et al.,'*
which may be due to the difference in the microstruc-

ture of the AgoO film deposited by using different pro-

cess parameters.

4. Conclusion

A series of the Ag, O films were deposited on glass
substrates by DC-sputtering at Ty = 250 °C using dif-
ferent SP. The Ag,O films apparently show a struc-
tural evolution from cubic biphased (AgO 4+ Ag>0) to
cubic single-phased (Ag20), and to biphased (AgsO
+ AgO) with the increase of the SP from 55 W to
135 W. With the SP < 105 W, the Ag,O film is cubic
biphased (AgO + Ags0) and is AgoO (111) prefer-
entially oriented. Especially, the cubic single-phased
Ag,0 film with (111) preferential orientation is de-
posited at SP = 105 W. With the SP > 120 W, the
Ag, O film is biphased (Ag2O + AgO) and is the tetra-
hedral AgO (220) preferentially oriented. The forma-
tion of the tetrahedral AgO phase with (220) orienta-
tion is not well understood, which may be attributed
to the enhanced surface bombardment and to the in-
crease of film deposition rate. The transmissivity and
reflectivity of the Ag,O films in transparent region
decrease with the increase the SP value, whereas the
absorptivity inversely increases with the increase the
SP. These results may be due to the structural evolu-
tion and to the increasing film thickness. A redshift
of the film’s absorption edge determined in terms of
the absorptivity spectra occurs from 3.2 eV to 2.75 eV,
which is nearly in agreement with the Fg 4;; calculated
in terms of Tauc formula, indicating that the Ag,O
film deposited is a direct-transition optical semicon-
ductor material. The cubic single-phased AgoO film
deposited at SP = 105 W has an Eg 4;; of approximate
2.86 eV, slightly larger than that reported by Gao et
al.," which may be due to the difference in the mi-
crostructure of the AgoO film using different process
parameters.
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