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In contrast to the time and spectral methods of experimental data 
analysis, the correlation method provides high accuracy due to the determi-
nation of the correlation maximum of the external environment temperature 
function of time, since with a long-term measurement (more than a day), 
the temperature of the external environment varies rather slowly over time. 
The effectiveness of the method of correlation analysis has been repeatedly 
proved when applied in radio engineering, radar, etc. However, in the heat 
engineering this method is practically not used. 
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Nowadays, one of important problems is protection of radio electronic 

equipment (REE) against the influence of electromagnetic interfer-
ence (EMI). This problem is caused by the reduction in the operating volt-
age of the devices and an increase of circuit density inside the equipment, 
which leads to an increase in the susceptibility of REE to various EMI. The 
most dangerous electromagnetic interference is pulses with a duration of 
several nanoseconds and an amplitude of several kilovolts. Such ultrawide-
band pulses (UWB) are able to pass into the REE and destroy its sensitive 
circuits. The existing protective devices are often unable to provide proper 
protection of REE against such EMI due to their insufficient performance, 
low power and parasitic parameters [1]. For protection in a wide frequency 
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range of influence, complex and multistage devices are used, but in prac-
tice, on the contrary, there is a requirement of simplicity and cheapness for 
protection devices. Therefore, we have proposed a simple method of pro-
tection of the REE from UWB pulses based on the use of modal signal dis-
tortions in a turn of meander delay line [2, 3]. The possibility of protection 
is demonstrated in a turn of meander line with the edge [2] and broad-
side [3] couplings based on a microstrip. 

One of the most important stages in the design of REE is preliminary 
modeling and analysis. In real interconnections of printed circuit boards 
there are losses; therefore, it is necessary to take into account these losses 
in the simulation. Thus, we have studied the influence of losses on the 
waveform and amplitude of the UWB in a turn of meander microstrip line 
with the edge coupling [4]. The couplings between the conductors in the 
meander line with a broadside coupling are of a more complex nature, so 
that the influence of losses may be different. Therefore, the purpose of this 
paper is to estimate the influence of losses in the conductor and dielectric 
on the ultrawideband pulse decomposition in a turn of meander microstrip 
line with a broadside coupling. For an estimate of the degree of the influ-
ence of losses on the waveform, it is necessary to perform a simulation 
with losses and without losses and compare the results. 

Figure 1, a presents a cross section of the investigated line. It has the 
same parameters as in paper [3] for providing UWB pulse decomposition: 
the thickness of the dielectric substrate is h = 1500 μm; the width and 
thickness of the signal conductor are w = 6000 μm and t = 18 μm, respec-
tively; the space between conductors is s = 200 μm. The base of the board 
selected is the FR4 material with a permittivity of εrC = 3.8. 

Figure 2, b shows a schematic diagram of the line connections. It con-
sists of two parallel conductors with the length l = 100 mm, interconnected 
at one end. One of the conductors is connected to a pulse source, which is 
presented by e.m.f. source E and internal resistance R1. Another conductor 
is connected to the receiving unit, which is shown as R2. In order to mini-
mize reflections at the input and output of the line, R1 and R2 are taken to 
be equal to the geometric mean of the impedance of even and odd modes of 
a line (50 Ohm). 
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Fig. 1. Cross section (a) and schematic diagram (b) 
of the meander line with broadside coupling 
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In the simulation, we used an excited pulse with the same parameters 
as in work [4]: the excited pulse has a shape of a trapezium with the magni-
tude of the e.m.f. equal to 1 V; the duration of flat top is 100 ps; the rise 
and fall is 50 ps. 

A simulation of the investigated line is performed in the TALGAT 
system [5]. In the simulation, matriсes of per-unit-length coefficients of 
electromagnetic and electrostatic induction (the C and L matrices) were 
calculated. In order to take into account losses in the dielectric during the 
simulation, the per-unit-length conductance matrix G was calculated. The 
reference value of the dielectric loss tangent, corresponding to the selected 
material (FR4) at frequency f = 1 MHz is tgδ = 0.017. In order to take into 
account losses in the conductor, additionally the per-unit-length resistance 
matrix R was calculated. Elements of the matrix R are calculated taking 
into account the skin effect, proximity effect, and losses in the ground 
plane [6]. Matrices G and R are given by 

G
19.32 14.4

12.59 16.7



    

 μSm/m,         R
0.355 0.144

0.146 0.182

    
 Ohm/m. 

The obtained waveforms at the output of the investigated line with and 
without losses are presented in Fig. 3. 
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Fig. 3. Waveforms at the output of a investigated line without (– –) and with (–––) 
losses in dealectric (a) and conductors (b) 
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From the waveforms in Fig. 3, a it is seen that dielectric losses have 
the biggest influence on the second and third pulses, in the form of a slight 
decrease in their amplitudes and a smoothing of the fronts. Thus, ampli-
tudes of the second and the third pulses do not exceed 0.174 V (with the 
pulse amplitude without losses equal to 0.190 V). It is also worth to note 
the smoothing of a waveform (that is typical for real interconnections), 
which causes a positive step with amplitude of 12 mV between the second 
and the third pulses. In this case, the losses in the conductors have practi-
cally no influence on the form and amplitude of the signal in the investi-
gated line (Fig. 3, b). Thus, the amplitude of the second pulse with the ac-
count of the losses in the conductors decreased by 1 mV, and the third –  
by 2 mV. 

Thus, the influence of losses in conductors and dielectric on the 
change in the form and amplitude of the UWB pulse in the turn of meander 
line with a broadside connection was estimated. As a result of the studies, it 
was found that losses in the dielectric have a more significant influence on 
the amplitude and form of a UWB pulse at the end of a turn of meander 
line than losses in conductors. It is noteworthy that in the structure of the 
meander line with edge coupling, on the contrary, losses in conductors 
have a more significant influence. 
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The rapid development of integrated optics and photonics requires in-

tensive studies of methods to design and form the light control elements 
like channel waveguides and diffraction gratings based on photorefractive 
materials [1, 2]. One of the ways to form similar photonic elements is opti-
cal inducing in lithium niobate (LiNbO3) surface– or bulk-doped by differ-
ent impurities such as copper (Cu), iron (Fe) or manganese (Mn). This ap-
proach allows us to set and manage different topologies during the forma-
tion of such structures [2, 3]. 

The concentration rise of impurities introduced into the crystal during 
its growth is limited by decreasing mechanical properties of bulk sample 
due to the increase of defect numbers and occurrence of elastic stresses. 
Modern technologies of the solid-state diffusion, the ion exchange and the 
ion implantation allow us to significantly increase the impurity concentra-
tion within material surface layers, additionally making it possible to intro-
duce various impurities (or their combinations) into different regions of the 
sample surface [4–6]. Thus, the approach of surface doping makes it possi-
ble to vary the physical properties of material surface layer within its dif-
ferent areas over a wide range. 

The main aim of this work is experimental study of methods to form 
different channel waveguides including those with spatial modulation of 
their parameters, optically induced in lithium niobate (LiNbO3) sample 
with Cu-doped surface layer. 

Experimental setup and conditions. Channel optical waveguides are 
induced within surface layer of photorefractive sample at its exposure with 
focused laser beam using the shift of the whole sample with respect to the 
light spot as it is shown in Fig. 1. Laser beam with wavelengths λ = 532 nm 
(solid-state YAG:Nd3+ laser with frequency doubling) or λ = 450 nm 


