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Abstract 

 

The possibility to determine the thickness and electrophysical parameters of thin dielectric and metal films in sand-

wich-like structures using the results of measurement of reflection and transmission spectra in microwave and opti-

cal band are shown. The results of measurement of refractive index of SnO2 in the thickness range of 40 nm to 2800 

nm and the results of measurement of conductivity of Cr-films applied to ceramic substrates are presented. 
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1.  Introduction 

 

The effectiveness of production of solid-state micro- 

and nanoelectronic devices and successful develop-

ment of new ones depends on the level of development 

of the technology of fabrication of thin layers of differ-

ent materials with thickness from several nanometers 

to tens of micrometers. Achieving the high level of 

perfection of layered structures and in particular struc-

tures with metal, semiconductor and dielectric films is 

impossible without high-accuracy methods of mea-

surement of electrophysical parameters of dielectric 

and conductive materials and structures as well as na-

no- and micrometer films. 

It is desired to perform these measurements without 

breaking the structure for example using electromag-

netic radiation from microwave or optical band. 

Microwave methods are optimal ones in measure-

ments of materials and structures used in devices of 

semiconductor microwave electronics because investi-

gations by means of low-frequency probe methods 

may give insufficient information for designing mi-

crowave devices with given characteristics. The merit 

of such methods is also their contactless which allows 

one to perform measurements not destroying material 

and not changing its properties [1-4]. 

Optical methods of measurement are widely used 

for measuring thickness, absorption coefficient, and 

refractive index of thin dielectric, semiconductor and 

metal films in both visible and infrared band [6-10]. 

Among modern optical methods, which allow one 

to perform measurements of thin layers, one can high-

light the method of laser scanning confocal microsco-

py. It implements the measurement scheme in which 

the registration of single point of object is provided at 

the expense of focusing of laser radiation in the inves-

tigated region on an object and utilization of a diaph-

ragm in the plane of observation [10]. 

It should be mentioned that in confocal microscopy 

the high resolution along the optical axis is being 

reached at the application of scanning schemes either 

by shifting the sample or by tuning the optical system. 

It considerably increases the time of analysis of para-

meters of thin films and assumes analysis of optically 

transparent materials only. 

One of the most up-to-date probe methods for in-

vestigation of microtopography of thin films layers 

with high spatial resolution is the atomic-force micro-

scopy [11], which allows one to determine the relief 

and thickness of bounded nanometer films applied to a 

substrate. But absence of the rigorous mathematical 

description of the mechanism of interaction of the 

probe with the surface under investigation does not 

allow one to properly solve the inverse problem of 

measuring film thickness applied to a substrate from 

the height of the step at the border between free sub-

strate and substrate with applied film. The method of 

probing atomic-force microscopy should be labeled as 

calibrating one, therefore to use it, especially for mea-

surement of thickness of nano-films of newly creating 

nanomaterials, one should perform considerable amo-

unt of preparatory measurements for obtaining gauge 

dependences. 

In order to determining thickness and the electro-

physical parameters of thin dielectric, semiconductor, 

and metal films in layered structures one may use the 

results of measurements of reflection and transmission 

spectra from microwave and optical radiation incident 

on the above mentioned thin film structures, if the 

theoretical description is known. Determination of 

electrophysical parameters of layered structures from 
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reflection and transmission spectra would entail the 

necessity of solving the reverse problem. 

In [12] the method for measurement of conductivi-

ty of metal films in layered structures from microwave 

electromagnetic reflection spectra in reported. Thick-

ness of these films were determined from the value of 

phase difference between electromagnetic waves of 

optical band reflected from the substrate and the film 

on the border between free substrate and substrate with 

applied film. When measuring the thickness of nano-

meter metal film using this method it is needed to take 

into account that the phase of the optical wave reflect-

ed from the structure “metal film – substrate” depends 

on the thickness and the complex refractive index due 

to the finite depth of penetration of optical radiation in 

metal film. The complex refractive index in its turn is 

not the constant in the range of nanometer thicknesses 

and depends on the film thickness. But in [12] the de-

pendency of the complex refractive index of metal 

films on their thickness was not taken into account. 

The goal of this work was to develop a method for 

measuring the refractive index of dielectric layers and 

conductivity of metal thin film deposited on glass and 

ceramic substrates from the reflection and transmission 

spectra of optical and microwave radiation interacting 

with them taking into account the dependency of elec-

trophysical parameters of nano-layers on their thick-

ness. 

 

2. Measuring parameters of thin dielectric films 

 

In the development of modern technologies of manu-

facturing layered structures from different dielectric 

materials with layer thickness from several nanometers 

to micrometers one of the main tasks is the determina-

tion of the refractive indices of dielectric layers and 

their thicknesses. Hence, establishing the dependence 

of the refractive index of the dielectric layer on its 

thickness is of interest. 

In order to investigate the relationship between the 

refractive index of SnO2 films and their thickness the 

transmission spectra of SnO2 films deposited on glass 

substrates were measured in the visible band using 

scanning spectrophotometer UV-1700Error! Refer-

ence source not found.. 

SnO2 films are transparent in visible and near infra-

red bands. The transmission spectra of investigated 

films are shown in Fig. 1. 

Transmission spectra in the electromagnetic band 

from 500 to 1100 nm are characterized by the existence 

of interference maxima which locations are determined 

by the thickness and the refractive index of the SnO2 

film. 

The refractive index of SnO2 film was determined 

using the relation: 
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where d is the film thickness measured by independent 

method, 1 and 2 are wavelengths of selected extre-

mums on the transmission spectrum, 2m is the quantity 

of extremums between 1 and 2 including one of 

them. 

 
 

 
 
 

Fig. 1. Transmission spectra of SnO2 films deposited on 

glass substrates with different thicknesses; 1) 2800 nm, 2) 

170 nm, 3) 150 nm, 4) 100 nm, 5) 91 nm, 6) 40 nm. 

 

In this work to determine the thickness d of SnO2 

films deposited on glass substrates the Linnik interfe-

rometer was used. The thickness of a bounded dielec-

tric film was determined from the value of phase dif-

ference between electromagnetic waves of optical band 

reflected from the substrate and the film on the border 

between free substrate and substrate with deposited 

film. 

In order to increase the accuracy of optical mea-

surement the computer system for analysis of interfe-

rence pictures was developed (Fig. 2) [13]. 

 

 
 

 

Fig. 2. The computer system for measuring thickness of 

thin films: 1) white light source, 2) icrointerferometer, 3) 

videocam, 4) computer. 

 

SnO2 films with thickness from 40 nm to 2800 nm 

deposited on glass substrates were measured.  

,  HM 
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Table. 1. Results of measurements of SnO2-films parame-

ters 

Sample 
Film thick-

ness d, nm 

Film refractive 

index n 

Sample 1 2800 1.9 

Sample 2 170 2.0 

Sample 3 150 2.8 

Sample 4 100 3.0 

Sample 5 91 3.05 

Sample 6 40 3.10 

 

The results of measurements of thickness and re-

fractive index of SnO2 films are shown in the Table 1. 

As it follows from the presented data the monotonous 

increase of SnO2 film refractive index with decrease of 

its thickness is observed.  

 

3. Measuring parameters of thin metal films 

 

To measure electrophysical parameters of nanometer 

metal films deposited on semiconductor and dielectric 

substrates which were not transparent for optical radia-

tion, the method based on the frequency dependence of 

the reflectance from the structure in the microwave 

band was used. 

To calculate the reflectance R and the transmittance 

T of the electromagnetic wave, when it falls normally 

on the layered structure which completely fills the wa-

veguide cross-section and layers planes are normal to 

the Pointing vector, the matrix TN of wave transfer of 

the layered structure can be used [12, 14, 15].  

In order to determine the conductivity  of metal 

layer from the reflection spectrum R() of microwave 

radiation the least squares method was used. In this 

method one searches for such value of parameter  at 

which the sum S of squares of differences between 

experimental |Rexp|
2
 and calculated |R()|

2
 values of the 

reflectance: 
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reaches its minimum. Here N is the number of experi-

mental points. 

So, the sought-for value of unknown parameter  

can be determined solving the equation: 
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But for unambiguous determination of metal film 

conductivity (i.e. for finding the single root of this equ-

ation) it is necessary to determine the thickness of the 

metal film by independent measurement. 

As such method the interference method used 

above for determination of thickness of dielectric films 

may be used. But when measuring metal thin films the 

film thickness is determined from [14]: 

  





2
0 dd 



where  is the phase shift measured experimentally in 

the interferometer, 0 is the phase shift when reflecting 

from the substrate,  is the phase shift when reflecting 

from the structure “metal thin film on substrate”, d is 

the film thickness. 

This is a problem because the phase shift  is a 

function of both film thickness d and its refractive in-

dex n*, which in its turn also is a function of d. That is 

why to determine the thickness of metal film we used 

the atomic-force microscope. The thickness was de-

termined by the step on the border between free sub-

strate and substrate with applied film. 

We measured parameters of Cr-films applied to ce-

ramic substrates with thickness 0.5 mm and ε = 9.6 

using the thermal evaporation in vacuum. The film 

thickness was measured using AFM INTEGRA-

SPECTRA and appeared to be 205 nm (Fig. 3). 

 
 

Fig. 3. 3D image of the Cr film border obtained in 

atomic-force microscope INTEGRA-SPECTRA 

 

To determine the metal film conductivity in the 

range 10–11 GHz we measured the microwave reflec-

tion spectrum of the structure under investigation (Fig. 

4, circles). Measurements were performed in wave-

guide; the structure completely filled the waveguide 

cross-section. Before the structure the dielectric layer 

(ε = 96) with thickness 3.7 mm was placed. 

 

 
Fig. 4. Experimental (circles) and calculated (solid line) 

reflection spectra of the structure chromium film on 

ceramic substrate 

|R|2 

f,  
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From the Eq. 3 the Cr film conductivity was deter-

mined to be 1.1910
6
 

-1
m

-1
. Calculated with this value 

reflection spectrum is shown in Fig. 4 (solid curve). 

For monitoring of the technological process of 

conducting films application the four-probe method is 

widely used. In this method the surface resistance is 

determined which depends on both conductivity and 

thickness of the film. For the chromium film under 

investigation the surface resistance was determined to 

be 4.0 /. 

Performed measurements of thickness and conduc-

tivity of chromium film allows one to calculate the 

surface resistance. Calculations give the value of 4.099 

W/, which well correlated to the value obtained from 

the four point probe method. 

It should be mentioned that the measured value  

1.1910
6
 

-1
m

-1 
of conductivity of the chromium value 

is several times smaller than the conductivity 7.09·10
6
 


-1

m
-1 

of the bulk material [16,17]. It proves that the 

conductivity of metal thin films depends on the film 

thickness. 

 

4. Conclusions 

 

In this work, methods for measurement of electrophys-

ical parameters of nanometer dielectric and metal films 

deposited on dielectric substrates are implemented. For 

measuring thickness of dielectric films the interference 

method was used where the thickness of bounded di-

electric film is determined from the phase difference 

between the optical waves reflected on the border be-

tween free substrate and the substrate covered by the 

applied film. For measuring refractive index the trans-

mission spectrum in the optical band was used as it has 

extremums which locations are determined by the 

thickness and refractive index of the film. 

For measuring conductivity of nanometer metal 

films deposited on dielectric substrates the reverse 

problem was being solved using the method based on 

utilization of microwave reflection spectra. Thickness 

of the film was determined using atomic-force micro-

scope. 
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