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2 Disclaimer 

 

The content described in this document is publicly available. 

 

The content described in this document reflects only the authors view and the European 

Commission is not responsible for any use that may be made of the information described.  
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3 Abbreviations 

 

Abbreviation Translation 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

ESR(s) Early Stage Researcher(s) 

PCB Printed Circuit Board 

SCENT Smart Cities EMC Network for Training 

THD Total Harmonic Distortion 

UPS Uninterrupted Power Supply 
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4 Introduction 

 

This document describes the deliverables for SCENT project dissemination of simulation and 

modelling results. Simulation and modelling were performed to analyze system responses in a 

faster and more efficient way. There are many different ways to represent the behaviour of 

electrical circuit in which models can be constructed. However, in general models are 

categorized into white-box, grey-box and black-box model. Ideally, a model is expected to 

represent the real condition of the system, but the simulation time must be considered. By using 

the parameterized models, it is possible to simulate the actual behaviour of the system.  

 

Modelling of an electronic circuit can be performed using LTSpice, LabView or Simulink from 

MATLAB software. The LTSpice and LabView* is a freeware (some features in LabView are 

not free). On the other hand, Simulink is an additional feature in MATLAB which needs a 

license for running the program.  

 

In section 5, two examples of modelling applications will be presented with LTSpice and 

Simulink. The first example is the analysis of ringing effect caused by parasitic inductance 

from ground vias in the DC-DC buck converter using LTSpice and the second example is the 

analysis of capacitive load on UPS using Simulink. The last part of this document is the 

conclusion which will be presented in section 6.   

5 Materials & Methods / Results / Discussion 

 

5.1 The analysis of ringing effect caused by parasitic inductance from ground vias in the 

DC-DC buck converter using LTSpice 

 

This research was conducted by the ESR8 in order to find the effect of parasitic inductance in 

PCB vias related to EMI spectrum. The switching mechanism of the buck converter has the 

potential to create EMI issue due to high transient of voltage and current and its switching 

frequency. The result from the experimental board from EMC course in University of Twente 

shows the parasitic inductance from the PCB traces and vias affect the frequency response of 

the decoupling capacitor [1]. The parasitic inductances also produce unwanted high-frequency 

EMI which is caused by the ringing effect. The effect of this phenomena in time and frequency 

domain was observed and simulated using LTSpice. 

 

The basic DC-DC buck converter shown in Fig. 1 consists of the input capacitors, a MOSFET 

as switching semiconductor, a flyback diode, an inductor and output decoupling capacitors as 

the output filter. The buck converter works as DC-DC voltage stepdown by switching the input 

voltage Vin on and off with certain value of duty cycle D. The output voltage value of the buck 

converter Vout can be calculated by (1). 
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Fig. 1. Buck converter schematic [2] 

𝑉𝑜𝑢𝑡 = 𝐷𝑉𝑖𝑛      (1) 

 

The duty cycle D can be calculated by (2), where ton and toff are the duration of “on” and “off” 

time during the switching, respectively. 

 

𝐷 =
𝑡𝑜𝑛

𝑡𝑜𝑛+𝑡𝑜𝑓𝑓
      (2) 

 

In reality, the buck converter also has parasitic capacitances and inductances which are 

produced by the components, traces in the PCB and also the ground vias. However, only the 

parasitic inductance from ground vias will be considered in this document. The parasitic 

inductance of a ground via is modelled in (3), where L is the inductance of the via in nH, T is 

the thickness of the PCB in mm, and d  is the diameter of the vias in cm. 

 
Fig. 2. Structure and dimensions of ground via [3] 

𝐿 = 2𝑇 [𝑙𝑛 (
4𝑇

𝑑
+ 1)]𝑛𝐻      (3) 

 

Three parasitic inductance model (L1, L2 and L3) were implemented in this application.  

• L1 represents the parasitic inductance of the via which connects C1 to ground 

• L2 represents the parasitic inductance of the via which connects the diode to ground. 

• L3 represents the parasitic inductance of the via from C2 to ground 
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Schematic in Fig. 3 shows the LTSpice model of DC-DC buck converter with parasitic 

inductances. To observe the ringing effect caused by parasitic inductance from the ground vias, 

three values of parasitic inductance were used, which are 0.1 nH, 1 nH and 10 nH.  

 

 
Fig. 3. Simulation of the buck converter with LTSpice 

The effect of the parasitic inductance value on the ringing effect is observed in the time and 

frequency domain as well. Fig. 4 shows the effect of the parasitic inductance value on the 

ringing effect in the time domain. It can be seen that the higher value of parasitic inductance 

produces higher amplitude of the ringing effect. However, the frequency of the ringing effect 

decreases with the parasitic inductance value. This is due to the effect of the parasitic 

inductance which forms a series LC resonator with the capacitor C2. The resonance frequency 

of the LC resonator decreases as the inductance value increases. 

 

Fig. 4. Effect of the parasitic inductance on the ringing effect in the time domain 

Fig. 5 shows the effect of the parasitic inductance value on the ringing effect in the frequency 

domain. It can be seen that higher parasitic inductance value produces a higher emission level 

in high frequencies, especially above 20 kHz. This is due to the effect of the parasitic 

inductance of the ground via which blocks high-frequency components of the signal from the 

MOSFET to be filtered. Hence, the high-frequency components of the signal can pass through 

the filter and reach the load R1.  
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Fig. 5. Effect of the parasitic inductance on the ringing effect in the frequency domain 

Based on the simulation results with LTSpice in Fig. 4 and Fig. 5, it can be seen that lower 

parasitic inductance will produce a lower emission level. This means that lowering the parasitic 

inductance is the most straightforward solution to reduce the emission level caused by the 

ringing effect, especially in high frequencies. Based on (3), the parasitic inductance of the 

ground vias increases with the thickness of the PCB. Hence, keeping the ground plane as close 

as possible to the capacitor C2 can be performed to reduce the ringing effect. The parasitic 

inductance of the ground vias can also be reduced by putting several ground vias in parallel.  

5.2 The analysis of voltage surge effect in the UPS using Simulink 

 

This research was conducted by ESR 7 in order to observe the capacitance effect on the voltage 

output of the UPS. Ideally, the system is expected to create no harmonics. However, in a 

complex circuit such as UPS, harmonics can occur due to the non-linearity and noise coupling 

inside the circuit or external factor. High THD represents high energy losses and potentially 

generates EMI. In this example, a Simulink model was created to observe the capacitive load 

effect on UPS. This example also describes the short explanation of simulation and modelling 

using Simulink and MATLAB to observe the result in the time and frequency domain. The 

value of the load capacitor was varied in this simulation.  Three capacitance values were 

implemented, which are 5e-3 F, 1e-3 F, 1e-4 F. This capacitor is arranged in parallel with 30 

 resistor. Fig. 6 shows the Simulink UPS model.  

 

 
Fig. 6. Simulink UPS model 
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The simulation result shows that this capacitor affects the voltage amplitude and also create 

voltage distortion. Higher capacitor value at the UPS output gives higher voltage distortion. 

Fig. 7 shows the output voltage of the UPS in the time domain. The time-domain result shows 

the highest distortion occurs when the highest capacitor load is connected to UPS. Furthermore, 

the spectral content in the frequency domain was also analyzed using FFT feature in Simulink 

and MATLAB. The amplitude of fundamental frequency and the voltage harmonic or THD 

can also be seen in the frequency domain. The result shows that when the higher capacitive 

load is connected, it reduces the amplitude of the fundamental signal. On the other hand, it 

increases the THD value.  The frequency domain and the THD result of the UPS voltage output 

are shown in Fig. 8, Fig. 9 and Fig. 10. Fig. 8 shows the spectral frequency of the UPS output 

voltage when the 1e-4 F capacitive load is connected. Fig. 9 shows the spectral frequency of 

the UPS output voltage when the 1e-3 F capacitive load is connected, and Fig. 10 shows the 

spectral frequency of UPS output voltage when the 5e-3 F capacitive load is connected.  

 

 
Fig. 7. Time-domain of UPS voltage output 

  

 
Fig. 8. THD of UPS voltage output using capacitor 1e-4 F 
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Fig. 9. THD of UPS voltage output using capacitor 1e-3 F 

  

 
Fig. 10. THD of UPS voltage output using capacitor 5e-3 F 

Fig. 10 shows that the highest THD value in this simulation is 58.2%, which means that the 

noise level is more than half of the fundamental signal. The higher THD value indicates a 

higher unexpected EMI noise generated by this system. When this EMI noise propagates 

through conduction or coupled to another conductor by crosstalk mechanism, it can disturb the 

performance of the other systems.  

6 Conclusion 

 

A simulation or modelling is a very useful method for analyzing a system. With this simulation, 

the parameter to be observed can be determined. In our research, LTSpice and Simulink from 

MATLAB were used to build a model and run the simulation. The first example is the 

simulation of parasitic inductance from ground vias in the DC-DC buck converter using 

LTSpice, and the second example is the simulation of the capacitive load effect of UPS using 

Simulink. Both simulations were conducted in the time and frequency domain to observe the 

EMI noise.   
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