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Nowadays the tendency of minimizing the components of radioelec-

tronic devices and increasing signal performance is observed. Some of these 
components are coupled lines, which are properly studied [1]. However, it is 
important to reveal and localize signal maximums because it may help de-
termine places of possible mutual parasitic influences and interference, thus 
it would be possible to take necessary measures for providing electromag-
netic compatibility (EMC) and information security. 

It is effective to use computer simulation in such researches rather than 
measurements, as it is necessary to obtain waveforms at various points 
along each conductor of complex structures. The quasi-static approach is 
widely used for analysis of printed circuit board (PCB) interconnections. 
Theoretical bases of quasi-static response calculation for an arbitrary net-
work of multiconductor transmission line sections are described in [2, 3]. 
Algorithms for calculation of time response based on this theory are devel-
oped [5] and allow to calculate current and voltage values only in network 
nodes. 

Basic expressions and the algorithm of current and voltage values cal-
culation, which allow to improve the calculation of time response at any 
point along each conductor of a transmission line section of an arbitrary 
network in TALGAT software, are implemented in [5]. This paper also con-
tains an investigation of a two-turn microstrip meander line, whereas a one-
turn meander line in a parameter range was investigated in [6]. However, 
the investigation of the one-turn meander line with variation of the ul-
trashort pulse duration has not been done. 

The purpose of this work is to investigate the localization of the ul-
trashort pulse maximums along the turn of the meander line with variation 
of its duration. 

The microstrip meander line investigated in [6] was taken as a structure 
for investigation. The meander line has one turn; each half-turn is 27 mm 
length (Fig. 1, a). 50 Ohm resistors are connected to the ends of the turn. 
Conductor width (w) is 0,535 mm, conductor thickness (t) is 0,1 mm, sepa-
ration between conductors (s) is s = w÷2, dielectric thickness (h) is 0,3 mm, 
d = 2*w, dielectric conductivity (εr) is 4 (Fig. 1, b). 
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Fig. 1. Connection circuit (a) and cross-section (b) 

of the microstrip meander line 
 

3 types of the ultrashort pulse each with the amplitude of 1 V are cho-
sen as excitations in this work. All pulses waveforms are shown in Fig. 2. 
The first pulse (U1) has durations of rise, top and fall equal to 1 ns, the sec-
ond (U2) – equal to 100 ps and the third (U3) – equal to 10 ps, so the whole 
duration of the pulses is 3; 0.3; 0.03 ns. 

 

 
Fig. 2. Excitation pulses waveforms 

 
Each half-turn from Fig. 1, a was divided into 20 segments and the 

voltage waveform was calculated in each segment. But only waveforms at 
the conductor beginning (Ub) and end (Ue) and also with voltage maximum 
(Umax) and minimum (Umin) values, appearing under each excitation, are 
presented. 

The voltage waveforms calculated along each of half-turns under the 
excitation U1 are shown in Fig. 3, a. The waveforms calculated under the 
excitation U2 are in Fig. 3, b and under the excitation U3 in Fig. 3, c. Let us 
consider the signal waveforms obtained in case 1 (Fig. 3, a). Under such 
duration the voltage maximum is 0.51 V, which is by 2% higher than the 
steady state level of 0.5 V, and it is located in the segment 1 of the second 
half-turn. 
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Fig. 3. Signal waveforms obtained under the excitations U1 (a), U2 (b) and U3 (с) 

 
In case 2 (Fig. 3, b), the voltage maximum is 0.57 V. It exceeds the 0.5 

V level by 14% and is located in the segment 2 of the second half-turn. 
In case 3 (Fig. 3, c) the voltage maximum is 0.58 V. It exceeds the 0.5 

V level by 16% and is located in the segment 1 of the second half-turn. 
The investigation shows some specific aspects of ultrashort pulse 

maximums appearance and localization in the microstrip meander line with 
variation of excitation duration. The greatest (as absolute value and compar-
ing with the amplitude at the input) maximum value is 0.57 V and is ob-
served under the excitation U3. The obtained results show the importance of 
voltage waveforms calculation along the conductors of coupled lines and 
also the importance of signal maximum revelation and localization. In par-
ticular, the increase of the voltage level at the joint of the half-turns with the 
decrease of the voltage level at the ends is remarkable. 

Simulation is supported by Russian Foundation grant No.14–19–01232 
in TUSUR. 
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At the present stage of market evolution crises, competition, and insta-
bility of the market situation have extremely negative affect on the devel-
opment of small businesses. The most important criterion of viability of a 
company is the head’s capability to make quick and high-quality decisions. 

Today the process of modeling is used for business management, 
which allows to avoid difficulties, to improve the main aspects of a com-
pany significantly, to raise its competitiveness and to lower the expenses. 

The process of creation of models consists of the following stages: 
definition of the task, creation of a model, check of the model reliability, 
check of the use of the model, analysis, and updating the model in the im-
plementation process. 

There are several types of models: 
1. The model of the theory of queues (it is used for determination of  

the optimum number of service channels in relation to needs in these  
channels) [1]. 
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