
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-4, Issue-6, Jun.-2016 

Effect of Annealing Temperature on the Properties of Silver Films 
 

36 

EFFECT OF ANNEALING TEMPERATURE ON THE PROPERTIES OF 
SILVER FILMS 

 

1CHIA-CHING WUA, 2CHIA-HSUANSUA 
 

1,2Department of Electronic Engineering, Kao Yuan University, Kaohsiung, Taiwan, R.O.C. 
E-mail: 1t10068@cc.kyu.edu.tw 

 
 
Abstract— This research presents silver (Ag) thin filmswere deposited on Corning Eagle XG glass substrate using a radio 
frequency (RF) magnetron sputtering technique. The high reflectivityAg thin films were deposited with different annealing 
temperature, even heating to 500 oC. In XRD patterns, all sample showed the characteristic peaks of Ag and only the 
face-centered cubic structure was found. The high thermal stability of the Ag thin film was developed and it could application 
on electron devices. 
 
Index Terms— Silver thin film, Surface morphology, Reflectivity, Annealing temperature. 
 
I. INTRODUCTION 
 
Recently, there has been an increase in the number of 
applications of silver (Ag) thin film, due to their 
unique optical, electrical and mechanical properties. 
These properties have led them to play an 
irreplaceable and increasing role in many areas of 
today’s very demanding and rapidly developing 
technology, especially in the microelectronic device 
applications and optical industries [1-3]. The ability to 
deposit thin films of various materials is important for 
the fabrication of modern microelectronic devices and 
for enabling a variety of investigations of fundamental 
physical principles. Interest in metal thin films as 
contacts in microelectronic devices such as Ag, has 
increased for a wide range of applications including 
transparent conducting material[4], doped material [5], 
flat panel displays [6], light emitting diodes [7]and 
solar cells [8]. The advantages of the Ag thin film 
application on microelectronic devices are as follows: 
(1) Low specific resistivity, (2) Good thermal stability, 
(3) High uniformity across the flat substrate, (4) Low 
particle contamination, (5) Good adherence to 
substrate, (6) Low manufacturing costs. 
 
The vertical structure designs fabricated by laser 
lift-off have been reported to be very effective for 
increasing light extraction efficiency of GaN-based 
light-emitting diodes (LEDs) [9, 10].In the devices, 
achieving high reflectance and low resistance Ohmic 
contacts on p-type GaN is essential for improving 
device performance. Ag has been widely used for 
reflective Ohmic contacts due to high reflectance 
(95%) in visible wavelength and low contact 
resistivity of order of 10−5 cm2 by annealing in oxygen 
ambient [11, 12]. We know that the LED’s worse 
enemy is a hotspot which can permanently degrade the 
light emitting mechanism and efficiency of the chip. 
Because the hotspot will be influence the reflective 
Ohmic contacts layer of the Ag thin film. 
 
Ag thin films have been prepared by a variety of 
thinfilm deposition techniques, such as sputtering [13] 

and evaporation[14].The sputtering method is an 
effective technique due to its ability to produce high 
quality thin films. In this study, Ag thin films with 
high reflectivity were grown on Corning Eagle XG 
glass substrate using a radio frequency (RF) 
magnetron sputtering technique at various annealing 
temperature. Different annealing temperature is 
simulate the hotspot phenomonen of the Ag thin film. 
The crystallographic, and optical properties of the 
films were characterized by field emission scanning 
electron microscopy (FE-SEM), X-ray diffraction 
(XRD), and UV-visible spectroscopy. 
 
II. EXPERIMENTAL PROCEDURES 
 
Silver (Ag) thin films were deposited on Corning 
Eagle XG glass substrate with an Ag target 
(Summit-Tech. Co.), using anradio frequency (RF) 
magnetron sputtering system. The Corning Eagle XG 
glass substrates were ultrasonically cleaned 
sequentially in acetone (20 min), alcohol (20 min), and 
deionized water (20 min), then dried with nitrogen 
(N2) gas. The working distance between the Corning 
Eagle XG glass substrate and Ag target was fixed at 15 
cm. The deposition RF power of the Ag thin films 
were varied from 75 to 150 W, and the substrate was 
kept at room temperature. The base pressure was 8 × 
10–6torr, and the working pressure was set to 5 × 
10–3torr. The annealing temperatures of the Ag thin 
films were 300, 400, 500 and 600 oC, respectively. The 
surface morphology of the Agthin films were 
measured using field emission scanning electron 
microscope(FE-SEM). The crystalline structures were 
determined by X-ray diffraction(XRD) using the 
CuKα radiation (Kα = 1.5418 Å). Optical reflectivity 
was measured with a UV-vis spectrophotometer in the 
wavelength range of 200–1500 nm. 
 
III. RESULTS AND DISSCUSSION 
 
Figure 1 presents surface SEM images of Ag thin films 
grown on Corning Eagle XG glass substrate using 
various RF deposition power. As shown in Figs. 1(a), 
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the surface morphology of the Ag thin film was 
smooth but existence the small pore. In Fig. 1(b), when 
the RF deposition power at 100 W, the surface 
morphology of the Ag thin films was smooth, compact 
and the grain size was almost the same with Fig. 1(a). 
The grain sizes of the Ag thin film increased as the 
deposition RF power increased from 125W to 150W, 
especially deposited at 150W. Because, when the RF 
deposition power increased from 75 to 150 W, the 
kinetic energy of the deposited molecules rose, so 
more molecules were able to diffuse and be deposited 
on the surfaces of the Corning Eagle XG glass 
substrates. Consequently, the Ag thin films had better 
crystal quality. 
 

 
Fig. 1 Surface SEM morphologies of Ag thin films deposited 

using different RF power: (a) 75 W, (b) 100 W, (c) 125 W, and 
(d) 150 W. 

 
Figure 2 shows the XRD pattern of the Ag thin film 
deposited using different RF power. The presence of 
diffraction peaks at 2θ values 38.1°and 
44.09°corresponds to (111) and (200) planes of silver, 
respectively. No other peaks of impurity or second 
phases have been detected. The XRD patterns showed 
the characteristic peaks of Ag (JCPDS no. 40783), and 
only the face-centered cubic structure was found. The 
intensity of the diffraction peaks of Ag thin films 
increased as the deposition RF power increased, 
suggesting that better crystalline quality was obtained 
by using high power.Figure3shows the reflectivity 
spectra of Ag thin films deposited using different RF 
power. The reflectivity spectra can be roughly divided 
into two regions: in the visible and near-infrared 
region (NIR), and a zone of strong absorption in the 
near-ultraviolet (NUV) region. It found that the 
average reflectivity of the Ag thin films is about 98% 
and the reflectivity sligthy decreased as the RF 
deposition power increased. The result caused by the 
grain sizes of the Ag thin film increased as the 

deposition RF power increases from 75W to 150W, as 
shown in Fig. 1.  
 

 
Fig. 2 XRD patterns of Ag thin films deposited using different 

RF power: (a) 50 W, (b) 75 W, (c) 100 W, and (d) 125 W. 
 

 
Fig. 3Reflectivityspectra of Ag thin films deposited using 

different RF power. 
 
Figure 4 presents surface SEM images of Ag thin films 
grown on Corning Eagle XG glass substrate using 
various annealing temperature. It found that the 
surface of Ag thin films changes from smooth to rough 
at the deposition temperature change from room 
temperature to 600 oC, as shown in Fig. 1(b) and Figs. 
4(a)-(d). The surface morphology of the grain 
boundary of Ag thin film annealing at 300 oC is 
slightly disappeared and the roughness increased, as 
compared with Fig. 1(b). When the annealing 
temperature change form 400 oC to 600 oC, it shows an 
increase in roughness and decrease in grain boundary 
of the Ag thin films, especially, annealing at 600 oC, in 
the Figs. 4(b)-(d).  
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Fig. 4 Surface SEM morphologies of Ag thin films using 

different annealing temperaturer: (a) 300oC, (b) 400oC, (c) 
500oC, and (d) 600oC. 

 
Figure 5 shows the XRD pattern of the Ag thin film 
with different annealing temperature. The presence of 
diffraction peaks at 2θ values 38.1°and 
44.09°corresponds to (111) and (200) planes of Ag, 
respectively. No other peaks of impurity or second 
phases have been detected. The XRD patterns of all 
sample showed the characteristic peaks of Ag and only 
the face-centered cubic structure was found. The 
intensity of the diffraction peaks of Ag thin films 
decreased and the full width at half maximum (FWMH) 
increased as the annealing temperature increased. This 
results means that the smaller grain was obtained by 
using annealing at high temperature. Figure6shows the 
reflectivity spectra of Ag thin films deposited with 
different annealing temperature. It found that the 
average reflectivity of the Ag thin films is about 98% 
and the reflectivity slightly decreased as the annealing 
temperature increasing from RT to 500 oC. As the 
annealing temperature at 600 oC, the reflectivity of the 
Ag thin filmrapidly decreased and the average 
reflectivity is about 56%. This resultcaused by the 
surface roughness of the Ag thin film increased as the 
higher annealing temperature was used.  

 

 
Fig. 5 XRD patterns of Ag thin films deposited using different 
annealing temperatures: (a) 300 oC (b) 400 oC, (c) 500 oC, and 

(d) 600 oC. 

 
Fig. 6Reflectivityspectra of Ag thin films deposited using 

different annealing temperature. 
 
CONCLUSIONS 
 
In this study, Ag thin films were deposited on Corning 
Eagle XG glass substrate using an RF magnetron 
sputtering technique. The XRD patterns of all Ag thin 
films showed the characteristic peaks of Ag and only 
the face-centered cubic structure was found. The 
higher reflectivity of the Ag thin films is about 98% as 
the annealing temperature increasing from RT to 500 
oC. However, the reflectivity of the Ag thin 
filmrapidly decreases to 56% with the 600 oC 
annealing temperature. This resultcaused by the 
surface roughness of the Ag thin film increased as the 
higher annealing temperature. Our results indicate that 
the Agthin films, grown using an RF magnetron 
sputtering method, are promising candidates to 
application on reflective Ohmic contacts of LED. 
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