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Abstract: Silver nano layers were deposited on glass substrates with three different 20 nm, 25 nm and 
30 nm thicknesses, under HV conditions, at room temperature by Thermal evaporation method. Other 
deposition conditions were the same for all layers. By using spectrophotometer the Reflectance and the 
Transmittance of produced layers were obtained. By using Kramers- Kronig method on reflectivity 
curves other optical parameters such as, real and imaginary parts of refractive index, real and 
imaginary parts of dielectric constant, real and imaginary parts of conductivity and absorption 
coefficient were calculated. There is a peak at 3.8 eV in optical reflectivity curves  that depends to 
intrinsic property of silver. By increasing thickness (even 5 nm),there is an increasing trend for 
reflection, real part of refractive index, dielectric constants and conductivity also there is a decreasing 
trend for imaginary part of refractive index and absorption coefficient. The relation between silver 
thickness and optical parameters were discussed  and there were a good agreement between them. 
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INTRODUCTION 

 
Knowledge on the dependence of optical constants of a material on the wavelength is very essential in 

obtaining fundamental information on its optical behavior in relation to its electronic transition. This is 
important in the application of the material in devices (Tong et al., 2011). It is well known that the optical 
parameters of thin-film materials are generally different from those of the same materials in bulk form. The 
differences in optical parameters depend very much on the conditions in which the deposition has been carried 
out (Wu et al., 2008). These film characteristics are thickness dependent and are controlled by the deposition 
methods. Recent studies also indicate that refractive index of thin films is thickness dependent and the film 
thickness is responsible for the optical loss (Zhou et al., 2002).  Glasses containing metallic nanoparticles are of 
great interest for the field of photonics because of their unique linear and nonlinear optical properties, which are 
determined by surface plasma oscillations of the metal clusters (Abdolvand et al., 2005). In particular, the 
systems in which silver nanoparticles are dispersed into silica due to their optical properties that allow the use in 
photonic devices are widely investigated (Compagnini et al., 2002). A considerable number of metal-dielectric 
devices make use of ultrathin silver layers. For instance, the typical optical metal-dielectric devices are 
transmission-induced filters or conductive transparent multilayer structures known as “transparent metals.” 
Silver is known to show a tendency to noncontinuous nucleation characterized by formation of islands in the 
early stage of the growth (Bul´ıˇr et al., 2011). Silver thin films have been deposited by a variety of techniques, 
such as magnetron sputtering (Bul´ıˇr et al., 2011), Chemical bath deposition Technique (Ezema et al., 2007) 
and Rf sputtering (Nishimura and Ishiguro, 2002).  
 
Experimental Details: 

Silver nanolayers were deposited on glass substrates (1×20×20 mm3) using an ETS160 system with a 
pressure of 2.9×10–5 mbar. The layers were obtained in the conditions of high vacuum, using a Thermal 
evaporation method. The deposition rate used by us was 7 A/s. The purity of silver was 98%. Prior to the 
deposition process, the substrates were cleaned with an ultrasonic-bath technique. The temperature of the 
substrates was kept constant (300 K). The thickness of the layers were measured by quartz crystal technique and 
obtained 25nm, 30nm and 35nm. Optical reflectance and transmittance of the layers were measured in the 
visible range using a Hitachi u-3310 system. The optical constants of our samples were derived on the basis of 
standard Kramers–Kronig relations using computer techniques.  

 
RESULTS AND DISCUSSION 

 
In this work Kramers- Kronig relations were used to calculate the phase angle θ (E) (Kangarloo et al., 

2010): 
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Where E denotes the photon energy, E2 the asymptotic limitation of the free-electron energy, and R(E) the 

reflectance. Hence, if E2 is known, the θ (E) can be calculated. Then the real and imaginary parts of the 
refractive index were calculated, from which other parameters were obtained. 

Figure 1, shows the reflectance for the nano layers produced in this work with different thicknesses of 20 
nm, 25 nm and 30 nm and other same deposition conditions. As long as it can be seen from figure 1, by 
increasing thickness reflectance of layers increases. In figure 2 it can be seen that by increasing thickness real 
part of refractive index increases. That is because of formation more metallic grains on substrate. By increasing 
thickness also for thicker layers the effect of substrate is also observed. Figure 3 shows the imaginary part of 
refractive index. As it can be seen from figure 3 by increasing thickness, imaginary part of refractive index 
decreases. That relates to formation of silver fractals on substrate, there for we are encounter with high 
transmittance and less absorbance. So by increasing thickness, extinction coefficient decreases.  Figure 4 shows 
the real part of dielectric constant. For our results, as it can be seen from figure 4, by increasing thickness real 
part of dielectric constant increases that relates to formation of silver fractals that we discussed before.  Figure 5, 
shows the imaginary parts of dielectric constant. As it can be seen from figure 5, by increasing thickness, 
imaginary part of dielectric constant increases, that depends to more absorbance. Figure 6 shows, the real part of 
conductivity index. As it can be seen from figure 6, by increasing thickness, real part of conductivity index 
increases, that is because of formation completed metallic silver layers on substrate. Figure 7 shows, the 
imaginary part of conductivity index.  By increasing thickness, imaginary part of conductivity index increases. 
Figure 8 shows, absorption coefficient for the layers produced in this work. By increasing thickness absorption 
coefficient decreases that is because of silver fractals that we discussed before, there for transmittance increases 
and absorbance decreases for the nano layers produced in this work.   
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Fig. 1: Reflectance of the Ag/glass nano layers with different thicknesses. 
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Fig. 2: The real part of refractive index of Ag/glass nano layers with different thicknesses. 
 

 
Fig. 3: The imaginary part of refractive index of Ag/glass nano layers with different thicknesses.  
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Fig. 4: The real part of dielectric constant of Ag/glass nano layers with different thicknesses. 
 

 
Fig. 5: The imaginary part of dielectric constant of Ag/glass nano layers with different thicknesses. 
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Fig. 6: The real part of conductivity index of Ag/glass nano layers with different thicknesses. 
 

 
Fig. 7: The imaginary part of conductivity index of Ag/glass nano layers with different thicknesses. 
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Fig. 8: Absorption coefficient of Ag/glass nano layers with different thicknesses. 
 
Summery: 

Silver nano layers were deposited on glass substrates, under high vacuum condition, at room temperature 
(300K) with three different thicknesses. Deposition angle was near normal and deposition rates were the same 
for all layers. By using Kramers-Kronig relations for reflectivity curves, optical constants calculated. By 
increasing thickness real part of refractive index increases and imaginary parts of refractive index decreases. By 
increasing thickness real part of dielectric constant increases and imaginary part of dielectric constant increases 
that is because of formation silver fractals on substrate. Also there is an increasing trend for real and imaginary 
parts of conductivity constant and that is because of appearance more metallic silver grains on substrate. 
Absorption coefficient decreases by increasing thickness.  
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