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The rapid expansion of contemporary nanotechnology stimulates the development of methods 
for synthesis, preparation and characterization of very thin films. Optical methods for thin 
film characterization have advantages that they are nondestructive, fast and effective. Several 
recently developed spectrophotometric [1, 2] and ellipsometric [3] methods for estimation of 
the optical constants (n – refractive index and k – extinction coefficient) and the thickness (d) 
of nanolayers can be found in the literature. However, they have their own limitations.  
 
Here, we report the application of recently developed method [4] for determination of the 
complex refractive index (ñ = n - ik) and the thickness to electron beam deposited Au films 
with d between 10 and 30 nm. In this method, (n, k, d) evaluation is made by the use of 
spectrophotometric data of thin film transmittance (T), front side reflectance (R) and back side 
reflectance (R’) in the spectral range 400 – 800 nm. Due to the nanothickness of the film we 
derive analytical expression for R, R’ and T by development of the Abelès characteristic 
matrix elements to 4-th order in terms of ñd/λ (λ is the wavelength). The Levenberg-Marquart 
optimization routine is used to estimate (n, k, d). Thus, problems related to multiple, or lack of 
solutions is minimized.  
 
The investigated Au films were deposited onto 2 mm thick Selected White Floatglass 
substrates (Präzisions Glas & Optic GmbH). Au film with d between 10 nm and 30 nm were 
deposited by electron beam evaporation with a deposition rate of 0.3-0.4 nm/s in the vacuum 
chamber of the LAB 500 evaporator (Leybold Optics GmbH). Optical transmission and 
reflection of the films were measured with Cary 5E spestrophotometer. A spectroscopic 
ellipsometer M44 (J. A. Woollam Co. Ins.) was employed for measurement of ellipsometric 
angles (ψ and ∆) of the films. 
 
The Au films are measured spectrophotometrically and after proper correction [5] for the 
finite thickness of the substrate (multiple reflections within it) and its optical performance 
(small spectral absorption) (n, k, d) are calculated. The spectral dependences of n are are 
plotted in Fig. 1 and of k in Fig. 2. The following thicknesses are calculated: d = 28.9 nm (for 
the film with nominal thickness (dn) 20 nm) and d = 21 nm (for the film with dn = 15 nm). 
 
For comparison of the obtained (n, k, d), Veritable Angle Spectroscopic Ellipsometry (VASE) 
is used as an independent technique. To build a physical adequate model Atomic Force 
Microscopy (AFM) and Transmission Electron Microscopy (TEM) are also applied. The 
TEM images of the films are presented in Fig. 3 (for the film with dn = 15 nm) and Fig. 4. 
(film with dn = 20 nm). It can be seen that both films are built of Au particles, with wide size 
range, and voids. In the film with dn = 15 nm much more and bigger voids are present. For the 
thin film with dn = 20 nm ψ and ∆ are fitted using effective media approximation (EMA: 
Maxell- Garnett theory). Best VASE model is for (n, k of bulk Au + voids). The optical 
constant for bulk Au are taken from the database of VASE, provided by J. A. Woollam Co.. 
The film thickness, (dVASE), and the percentage of the voids are fitted. The following results 



are obtained: dVASE = 23.65 nm, voids = 10.14 % with mean square root error 1.3809. As a 
measure of accuracy of the estimated (n, k, d) we define the relative difference between (n, k, 
d) and (nVASE, kVASE, dVASE) as: ∆n/n = (nvase – n)/nvase and ∆k/k = (kvase – k)/kvase. Acceptable 
values for ∆n/n and ∆k/k are obtained. For instance ∆n/n has value 16% and ∆k/k 9%, for λ = 800 
nm. No reasonable values for the parentage of the voids are obtained using this model for the film with 
dn = 15nm. The reason could be that one and the same EMA model is not adequate to the two films of 
different thickness. 
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 Fig. 1. Dispersion of n for the Au films. Fig. 2. Dispersion of k for the Au films. 
 

   
 
 Fig. 3. TEM image of Au film with dn = 15nm. Fig. 4. TEM image of Au film with dn = 20nm. 
 
The application of the simple and effective method [4] allows the determination of (n, k, d) of 
Au thin films in VIS. An acceptable relative difference between (ñ, d) as compared to VASE 
technique has been achieved. 
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