
2013 International Nuclear Atlantic Conference - INAC 2013 
Recife, PE, Brazil, November 24-29, 2013 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-05-2 

 

THICKNESS MEASUREMENT OF MULTILAYERED SAMPLES BY 
Kα/Kβ OR Lα/Lβ X- RAY RATIOS 

 
Roberto Cesareo1, Antonio Brunetti2 and Joaquim T de Assis3 

 
1 Dipartimento di Matematica e Fisica 

Università di Sassari 
Via Viena, 2 

07100, Sassari, Italy 
roberto.cesareo@gmail.com 

 
2 Dipartimento di Matematica e Fisica 

Università di Sassari 
Via Viena, 2 

07100, Sassari, Italy 
brunetti@uniss.it 

 
3 Departamento de Engenharia Mecânica e Energia - Instituto Politécnico 

Universidade do Estado do Rio de Janeiro 
Rua Bonfim, 25 – Vila Nova 

28630-050 Nova Friburgo, RJ 
rcbarros@pq.cnpq.br 

 
 
 

 

 
 

ABSTRACT 
 
Objects composed of two or more layers are relatively common among industrial and electronic materials, 
works of art and common tools. For example plated objects (with zinc, nickel, silver, gold) are composed of two 
or three layers, a painting is generally composed of several layers, a decorated vase is composed of two or three 
layers, just as a stone, marble or bronze covered with a protective layer. 
In this paper a general method and some results are described to reconstruct structure and to determine 
thicknesses of multilayered material, when energy dispersive X-ray fluorescence is employed to analyze the 
material: the X-ray ratios of Kα/Kβ and  Lα/Lβ for elements present in the multilayered samples are employed. 

 
 

1. INTRODUCTION 
 
When a multilayered material is analyzed by means of EDXRF one of the most important 
problems consists in identifying for each element the corresponding layer, and in determining 
the thickness of the various layers [1]. These questions can be solved, in many cases, 
essentially by measuring the peak intensity ratio of K or L line for each element. The Kα/Kβ 
and Lα/Lβ peak intensity ratios are generally tabulated for infinitely thin samples [2]. Thus, 
deviations from these ratio values can be found, depending on thickness of the layers and of 
the relative position of the element used for ratio calculation in the multilayer structure. This 
problem is address in this paper and Kα/Kβ ratios are calculated as a function of composition 
and thickness of the multilayer structures. It is also possible to use ratio of peaks from 
different chemical element, for example, the ratio between the most intense line of the 
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element composing the surface layer and the most intense line of the internal layer allows 
determining the thickness of the surface layer, assuming that the internal material has an 
infinite thickness [1]. 
 
 

2. THEORETICAL BACKGROUND 
 

2.1.  Subsection Title: Self-attenuation of X-rays 

 
The Kα/Kβ and Lα/Lβ ratios for all elements can be deduced by tabulated data or in several 
cases they were measured [1,2]. Experimental results are scarce, because it is difficult to 
measure the peak areas for many reasons: 
a. in the X-ray spectrum Kα and Kβ (or Lα and Lβ) peaks should be very well separated for a 
correct evaluation, with no additional peaks of other elements between α and β peaks, and 
with a general low background;  
b. the efficiency of the detector (and therefore its thickness)  must be exactly  known both for 
Kα and Kβ (or Lα and Lβ)- rays; 
c. attenuation of X-rays by the air between sample and detector, and by the Be-window of the 
detector must be exactly calculated; 
d. the thickness of the sample should be “infinitely thin”. 

The experimental Kα/Kβ ratio values vary slightly when elements are in chemical 
compounds or mixtures [3,4], but they can  greatly vary when the element is not in “infinitely 
thin” form (self-attenuation effect), or when a layer of a different material is overlapping the 
layer where the considered element is found.    

For a sample of any thickness, self attenuation effects must be considered, i.e. the 
different attenuation of Kα and Kβ lines (or Lα and Lβ lines) generated in a point of the sample 
and attenuated in the sample itself before reaching the detector.  This can be expressed by the 
following equation [1]: 
 

                                      (1) 

where 

I is the intensity of the line under consideration; 

I0 is the intensity coming from the X-Ray source; 

is the attenuation coefficient (in cm-1); 

t is the thickness of the sample (in cm-1).  

Thus by integration of eq. 1 the following theoretical equations may be then deduced 
for Kα/Kβ or Lα/Lβ line intensity ratios, due to self-attenuation : 
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                                      (2) 

where: 

-   represents the ratios of the intensity of the lines for infinitely thin samples; 

-µ0 is the linear attenuation coefficient (in cm-1) [5,6] of the considered element at incident 
energy E0 (or mean incident energy E0);  
-µ1 is the linear attenuation coefficient (in cm-1) of the considered element, at the energy of 
its Kα (or Lα)  energy [5,6] ; 
-µ2 is the linear attenuation coefficients (in cm-1) of the considered element, at the energy of 
its Kβ ( or Lβ)  radiation respectively [5,6] ; 
-d  represents the thickness (in cm) of the sample . 
 

2.2 Attenuation by a second layer 

 
When a very thick sheet of metal is covered by a sheet of another metal, then the 

ratios are further altered because of the different attenuation of photons at different energies 
by the covering sheet: 
 

                                            (3) 

where: 
-(Kα/Kβ)∞ is the Kα/Kβ ratio of the most internal metal sheet; if this sheet cannot be 
considered as of infinite thickness, then self-attenuation effects should be considered;   
-μ1 is the linear attenuation coefficient of the covering sheet at the energy of Kα photons of 
the element of the internal sheet ;                        
-μ2 is the linear attenuation coefficient of the covering sheet at the energy of Kβ photons of 
the element of the internal sheet;                        
-d is the thickness (in cm) of the covering sheet. 

Eq. (3) is approximately valid also when the covering layer contains the same element 
of the inner layer used for peak ratio determination. 

An Equation similar to Eq.(3) may be deduced for Lα /Lβ  ratio. 
 
 

3. MATERIAL AND METHODS 
 
A micro fluorescence equipment ARTAX-200 was employed for analysis of 

multilayered sheets after self-attenuation and attenuation effects of internal X-rays. The 
equipment is mainly composed of a Mo-anode X-ray tube collimated and filtered, because the 
photon intensity from the tube is in excess for analysis of alloys, a Si-drift detector and a 
micro-computer.  

The detector is positioned 1550 to the sample surface, at a distance from the detector 
window of about 3cm. The analyzed circular area has a diameter of the order of 5 mm. The 
relative distances have been measured with the help of a laser pointer. 
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Experimental measurements were carried out by using commercial ANSI 1020 steel, 
with Zn electrodeposited with estimate measures of 5 µm and 10 µm 

The method described in Section 2 require an accurate evaluation of the net area of 
the involved X-ray peaks (Fe-Kα, Fe-Kβ, Zn-Kα and Zn-Kβ), and their ratio. 

An accurate evaluation of a X-ray peaks means: 
- an adequate statistics of the peak; 
- a correct background subtraction; 
- a good separation of the peak of interest from contiguous, disturbing peaks; 
- same geometry and same experimental conditions for all measurements; 

For these reasons, it is extremely important to carry out measurements always in the 
same experimental conditions (distances, X-ray tube voltage and current, filtrations and 
collimations, and so on). An irregular thickness or surface shape of the object can also 
determine larger uncertainties [7,8].  

A fast Monte Carlo code has been used in order to check the experimental conditions. 
It is based on a continuously update X-ray dataset named XRAYLIB [9]. 

 
 

4. RESULTS  
 

The experimental XRF equipment described in 3 was used to obtain the 
measurements of the four samples of Zn+Fe with estimate measures for Zn layer of 5 µm and 
10 µm.  

 
Table 1: Kα/Kβ rate and calculated Zn electrodeposited thickness (X) on ANSI-

1020 steel. 

Sample Kα/Kβ* Kα Kβ Kα/Kβ X(μm) 

1 6,72 507002 79883 6,35 2,85 

2 6,75 209683 37513 5,59 9,40 

3 6,78 192755 34508 5,59 9,65 

4 6,72 456235 73247 6,23 3,78 
* ANSI 1020 measurement 

 
 The results in Table 1 show that the measure for Zn electrodeposited thickness of 5 
µm is less than that informed by the industry. The Zn electrodeposited thickness of 10 µm 
results show compatibility with that informed by the industry. Some kind of non-linearity can 
be the possibility to this divergence. 
 Simulated results using Monte Carlo code[9] was carried out for 3 µm and 10µm 
using. The spectrum obtained for 3 µm is show in figure 1 comparing with experimental one. 
 It is possible to see in Fig. 1 that simulated result is very close to experimental 
measurement. Some input modifications, like Mn % inclusion, thickness and others, can do 
better results for this adjust. 
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Figure 1: Intensity spectrum simulated and experimental for X-ray in ANSI-1020 with 

Zn electrodeposited 3 µm thickness. 
 
 

4. CONCLUSIONS  
 

A systematic determination of Kα/Kβ intensity ratio was carried out on materials 
composed of two layers. 

In the case of layered samples a correct calculation of ratio of the peaks of elements 
(Kα/Kβ) from energy-dispersive X-ray fluorescence spectra, is of primary importance for 
calculation of its thickness.  

Usual commercial software for energy-dispersive X ray fluorescence spectra 
simulation seems to be currently not adequate to this purpose and so a dedicated program is 
required. 

Simulations using Monte Carlo codes can be a good tool to use in the multi layer 
measurements. 
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