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Abstract—This paper presents an application of the generalized m-
line spectroscopy method to immediate evaluation of a thin dielectric 
layer thickness deposited on a waveguide without any numerical 
calculation. For this purpose, a calibration curve (i.e., dependence of a 
thin layer thickness on coupling angle of the corresponding mode) shall 
be determined. It allows determining sample thickness by measuring the 
coupling angle of the mode. In the present paper it has been shown that 
multimode waveguides are best for our measurement investigation. The 
sensor has the greatest sensitivity in the measurement of coupling angles 
for a higher number of modes. 
 
 
 

Organic thin layers are used in optoelectronics, both as 
a conductive and insulating layer in simple passive 
systems, as well as in more complex systems, such as 
active MEOMS. It is important to control the parameters 
and especially the thickness of these layers. The change 
of thickness of thin monolayers deposited consecutively 
on the substrate was determined by measuring the contact 
angle (CA) [1]. 

The generalized m-line spectroscopy method [2-4] has 
been proved to be useful in determining with high 
accuracy of the parameters of thin layers, deposited on 
the waveguides (with the parameters previously evaluated 
by m-line spectroscopy method [5-8]). 

We can couple a light beam to the waveguide structure, 
using a prism with a convex angle ε. For the discrete 
values of angle αm, the light propagates in the waveguide 
layer in the form of m modes illustrated on the screen as 
lines depicted in Figs. 1 and 2. The dark line emerging in 
the spot (Fig. 1) corresponds to the coupled energy of a 
light beam.   
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Fig. 1. The coupling by the prism 

The propagation constant Nm can be calculated, based 
on geometrical optics and its dependence on several 
parameters as shown in the dispersion equation [2-8]: 

( )csfm nnkWnmNN ,,,,,=  
where: 
m – mode number,  
nf – refractive index of a waveguide,  
W – waveguide thickness,  
k=2π/λ  - wave vector,  
ns – refractive index of a substrate,  
nc – refractive index of a cover. 

The measurement setup to determine optical parameters 
as a refractive index and thickness of a waveguide is 
shown in Fig. 2.  

Fig. 2. The measurement setup 
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A light beam from a laser He-Ne with the wavelength 
of λ=632.8nm is propagated by a polarizer and a lens and 
it is coupled into the waveguide by a prism, in the 
pressure point (by the screw). 

The parameters of a waveguide can be evaluated by the 
approximation method, within the limits of experimental 
error [2]. 

The waveguides were produced by the ion-exchange 
method Na+ ⇒Ag+, K+ [9]. In this case the refractive 
index nf decreases monotonically inwards the waveguide 
[2] (see Fig. 3). By depositing a thin dielectric layer on 
the gradient waveguide described above we obtain the 
structure shown in Fig. 3. 

 
Fig. 3.  The waveguide four-layer structure 

In several series of measurement, thin polystyrene (PS) 
layers were deposited on the waveguide by the spin-
coating method [10]. The layers have a step-index profile 
of refractive index. 
The presence of a thin cover layer on the waveguide 
changes its propagation characteristics. The generalized 
m-line spectroscopy method enables the evaluation of the 
parameters of the sub-guiding layers deposited on a 
waveguide [2, 11].   
Table 1 The coupling angles and corresponding layers’ thicknesses for 

AE_ii  waveguide with several deposited layers (series) 

 

          
Fig. 4.  Calibration curve for the waveguide AE_ii  of the first mode. 

 
Figure 4 shows the calibration curve for the waveguide 

AE_ii of the first mode. 
 

          
Fig. 5.  Calibration curves for four modes of the waveguide AE_ii 

Figure 5 shows that the sensitivity of measurement of 
thickness on the basis of the calibration curve for the 4-th 
mode is more than 4 times greater than the sensitivity of 
the measurement for the 1-st mode. So we can conclude 
that higher sensitivity may be obtained for higher order of 
modes of the multimode waveguide. Based on Figs. 4-5 
one can see a good fit - linear regression according 
measurement points. The distribution of points suggests 
the possibility of simple calibration. The distribution of 
points suggests the possibility of simple calibration. The 
dependence of a thin layer thickness on the coupling 
angle of m mode can be approximated by a linear 
function and the regression coefficient equals 0.93. 

 The AE_ii waveguide characterized during the 
measurement can be potentially applied as a sensing 
element of thickness of thin layers (using the generalized 
m-line spectroscopy method). Using the calibration curve 
of the sensor (designated by the least squares method) 
one can determine the unknown refractive index of the 



doi: 10.4302/plp.2010.2.06 PHOTONICS LETTERS OF POLAND, VOL. 2 (2), 70-72 (2010) 

http://www.photonics.pl/PLP © 2010 Photonics Society of Poland 

72 

thin layer. This allows to evaluate the thickness of thin 
layers, without processing the data obtained by numerical 
iterative methods, using only the measured coupling 
angles of the mode. Calibration curves may be more 
meaningful if the thickness of the thin layers is 
determined with greater accuracy.  

The slopes of a calibration curve for higher order 
modes are lower, which translates into greater sensitivity. 
Relative errors that are determined from the slope of 
calibration curves are of the same order for all the modes. 
It is estimated that for the construction of the sensor it is 
best to use multimode waveguides, as well as for the 
coupling angles of higher order modes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This work presents a study of the thickness simple 
sensor system using the generalized m-line spectroscopy 
method. Avoiding tedious calculations it can determine 
the thickness of thin layers only by measuring coupling 
angles and investigating the calibration curve. 
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