
Vol. 129 (2016) ACTA PHYSICA POLONICA A No. 4

5th International Science Congress & Exhibition APMAS2015, Lykia, Oludeniz, April 16–19, 2015

Study of Thermal Annealing Effect on the Properties
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F. Hajakbari∗ and M. Ensandoust
Department of Physics, Karaj Branch, Islamic Azad University, Karaj, Iran

Silver nanoparticles have potential applications in fields of nanosicence and technology. In this work, poly-
crystalline silver (Ag) thin films were deposited on quartz substrates by DC magnetron sputtering method at the
same deposition conditions and then, the Ag films were annealed in oxygen atmosphere for 65 min at different
annealing temperatures namely 300, 400, 500 and 600 ◦C. The crystal structure of the films was evaluated by
X-ray diffraction. The atomic force microscopy and scanning electron microscopy were employed for surface mor-
phological studies of the films. Normal-incidence transmittance over the wavelength range of 200–2500 nm was
measured using a spectrophotometer. The results show that the crystallization of the films increases after annealing
and that the Ag films without annealing have lowest roughness. Annealing temperature effectively influences the
surface morphology of the films. Optical studies reveal that the as-deposited Ag film has metallic behavior with
zero transmittance and after annealing, the transmittance increases due to the formation of silver oxide phases
in the films.
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1. Introduction

Silver and silver oxide nanoparticles have potential ap-
plications in fields of nanosicence and technology [1–14].
Silver thin films can achieve unique optical and electri-
cal properties and can have better performance relative
to other metal films in optical applications. Silver lay-
ers are ideal reflecting and conducting electrodes for thin
film solar cells [14]. The silver-oxygen system contains
several compounds, including AgO, Ag2O, Ag2O3 and
Ag3O4 [1, 2]. The AgO phase is relatively stable at high
oxygen pressures and at low temperatures [2]. Silver and
silver oxide thin films had been prepared by several tech-
niques including RF and DC sputtering [6, 9], thermal
evaporation [1, 4, 5], chemical synthesis and by pulsed
laser deposition (PLD) [2, 10–12]. In the present investi-
gation, DC magnetron sputtering was employed to pre-
pare Ag films and the effect of annealing on the struc-
tural, morphological and optical properties of Ag films
at different temperatures were investigated.

2. Materials and methods

In the first step, Ag films were deposited on 1× 1 cm2

quartz substrates by DC magnetron sputtering at the
same deposition conditions. Prior to deposition of the
films the substrates were cleaned ultrasonically in acetone
and ethanol for 15 min. The sputtering target was of the
metal silver with purity of 99.999%. Prior to deposition,
the deposition chamber was pumped to base pressure of
6.5×10−5 mbar. After the introduction of the sputtering
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gas (Ar 99.999%) into the chamber the deposition pres-
sure reached 5× 10−2 mbar. The deposition time for all
films was 35 s. The target to substrate distance was kept
at 7 cm and the deposition was done at room tempera-
ture. The thickness of Ag films was 40 nm. In the second
step, the Ag films were annealed in oxygen atmosphere
for 65 min at different temperatures namely 300, 400, 500
and 600 ◦C. The crystal structure of the films was eval-
uated by X-ray diffraction (XRD) (PHILIPSX’ Pert &
PW 1800) with Cu Kα radiation (λ = 1.5418 Å). For sur-
face morphological studies of the films the atomic force
microscopy (AFM) (Manufactured by park Scientific In-
struments) in contact mode and scanning electron mi-
croscopy (SEM) (ModelS-4160builtby Hitachiin Japan)
were employed. Normal-incidence transmittance (T) over
the wavelength range 200–2500 nm was measured using
a double beam spectrophotometer (CARY 500 Scan).

3. Results and discussion

The XRD spectra of the prepared films are shown in
Figs. 1 and 2a–d. Figure 1 presents the XRD spec-
trum of the Ag films deposited on quartz substrate.
The polycrystalline Ag films can be observed and the
peaks namely the (111), (200), (220) and (311) visible
in Fig. 1 are due to the cubic Ag phase. The similar re-
sults were observed by X. Sun et al. [7]. The (111) Ag
peak intensity was larger than that of the other peaks
because the (111) direction in Ag film has the lowest
surface energy. The XRD spectra of the Ag films an-
nealed at different temperatures are shown in Figs. 2a–d.
For the annealed films, we can observe that the inten-
sity of the Ag (111) peak enhances with the increase of
the annealing temperature up to 500 ◦C (Figs. 2a–c) and
then decreases with the increase of annealing tempera-
ture to 600 ◦C (Fig. 2d). In addition, the Ag2O3 (200) ap-
pears in XRD pattern of films annealed at temperatures
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in the range of 400–600 ◦C, Figs. 2b–d. The high intensity
and sharp peaks in XRD patterns confirm the highly ori-
ented and polycrystalline nature of the Ag films prepared
in this study.

Fig. 1. The XRD pattern of as-deposited Ag film on
quartz substrate.

Fig. 2. XRD patterns of Ag films annealed at differ-
ent temperatures (a) 300 ◦C, (b) 400 ◦C, (c) 500 ◦C,
(d) 600 ◦C.

Surface morphology of the films was examined by AFM
analysis. The scan area for all films was 2 × 2 µm. Fig-
ures 3a and b show two and three dimensional AFM im-
ages of the as-deposited Ag films on quartz substrate.
The small particles have grown on substrate surface and
the pyramidal morphology can be seen. The average
surface roughness of this film is 1.28 nm. After an-
nealing, the surface morphology of the films has com-
pletely changed. By increasing the annealing tempera-
ture from 300 to 600 ◦C (Figs. 2a–d) the average rough-
ness increased from 11.63 nm to 25.88 nm. This behavior
is due to the increase in annealing temperature that leads

to an increase of the mobility of atoms. This increase of
mobility causes the agglomeration of particles and cre-
ation of larger particles which in turn leads to an increase
of the films roughness.

Fig. 3. (a) 2D and (b) 3D AFM images of Ag films
deposited on the quartz substrate.

Fig. 4. 2D AFM images of Ag films deposited on
quartz substrates and annealed at different tempera-
tures (a) 300 ◦C, (b) 400 ◦C, (c) 500 ◦C and (d) 600 ◦C.

Figures 5a–e show SEM images of Ag films deposited
on quartz substrate and annealed at different annealing
temperatures. The surface of Ag film without anneal-
ing was relatively smooth Fig. 5a. A few holes have ap-
peared after annealing at 300 ◦C, Fig. 5b. When the film
was annealed at 400 ◦C, Fig. 5c, particles have started
to separate and the gaps between particles have been
enlarged and grain structure with diameters of around
56–79 nm has appeared after such treatment. Moreover,
when annealing temperature was increased to 500 ◦C
and 600 ◦C the particles shape has approached the glob-
ular shape and the gap between particles has expanded
further (Figs. 5d and e). Similar morphology was ob-
tained in [14, 15]. The results show that annealing tem-
perature significantly influenced the size and shape of
silver particles.
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Fig. 5. SEM micrographs of Ag films on quartz sub-
strates at different annealing temperatures (a) with-
out annealing, (b) 300 ◦C, (c) 400 ◦C, (d) 500 ◦C and
(e) 600 ◦C.

The transmittance spectra of the Ag films prepared
at different annealing temperatures, in the wavelengths
range of 200–2500 nm are shown in Fig. 6. The as-
deposited films have a metallic behavior with zero trans-
mittance. After annealing of the films the transmittance
increases due to formation of silver oxide films. Also, the
transmittance spectra show a resonant increase in trans-
mittance at wavelength of 320 nm for all films, which can
be due to the localized surface Plasmons [1].

Fig. 6. The transmittance spectra of as-deposited Ag
films, and the films annealed at different temperatures
on quartz substrates.

4. Conclusions

The effect of annealing temperature on crystal struc-
ture, surface morphology and optical properties of sil-
ver thin films was investigated by XRD, AFM, SEM
and spectrophotometry. The XRD results have shown
that the nanocrystalline Ag films with preferred orien-
tation along (111) direction can be observed before an-
nealing and by increasing of annealing temperature up
to 400 ◦C no significant changes occur in the film struc-
ture. The silver oxide phase and improvement of crys-
tallinity was observed after annealing at temperatures

of 500 ◦C and 600 ◦C. It was found that the annealing
temperature significantly influenced the size and shape
of the silver particles. The best crystallinity and sur-
face morphology was observed at annealing temperature
of 500 ◦C and the good transparency was obtained at an-
nealing temperature of 600 ◦C.
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