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I. INTRODUCTION 
 

This With the advancement in electronics, the devices 

are further shrinking in sizes and therefore, are getting 

more and more closer to each other as proposed by 

Moore’s Law [1]. Thus, the problem of EMI is getting 

more and more attention. The EMI emanating from a 

device could not only disturb the proper functioning of 

another device held in its proximity but could also liable 

to be influenced by that device itself. Therefore, the 

design engineers need to mitigate these emissions to a 

level that is acceptable as per different regulations such 

as CISPR (Comité International Spécial des 

Perturbations Radioélectriques), FCC (Federal 

Communication Commission), EU (European Union), 

and many other EMC regulations implemented and 

followed worldwide [2]. These EMC standards have 

forced limits on the amount of electromagnetic 

interference noise that the converters will inject into the 

commercial supplies [3].  

The EMC tests are taken very late in the development 

cycle of a device when there is little chance of 

modification left in the device itself [4]. Another problem 

concerning EMC is identifying which component, i.e., 

Common mode and Differential mode, of noise is 

dominant over the other [5]. Based on the type of noise 

certain filtering techniques are implemented to suppress 

the EMI.  

To tackle these problems, this article presents the idea 

of modeling and simulating the conducted emissions 

emanating from a DUT (Buck converter in our case) in 

LTspice. Buck converter is a device that is used to step 

down an input dc voltage level to the desired output dc 

voltage. These converters are very efficient in the context 

of working efficiency, compact sizes, and lightweight. 

The major problem, however, with buck converters is 

that these work on the high switching frequency and the 

square pulse associated with it could cause EMI in the 

device [6].  We could anticipate the conducted EMI in 

buck converter by properly modeling the parasitic 

elements of the passive components used in buck 

converters such as capacitor, inductor, and resistor. 

Another major contribution to conducted emissions or 

more specifically the CM (Common mode) emissions is 

due to electric field coupling (also known as parasitic 

capacitive coupling).  

We modeled the ESL and ESR of the output capacitor 

using an online database software known as RedExpert 

that contains all the datasheets of the passive components, 

manufactured by Wurth Elektronik. The electric field 

couplings between the high switching dv/dt node and 

GRP (ground reference plane) and casing of the device 

connected to the buck converter and GRP are modeled 

and replaced by simple parallel plate capacitors (stray 

capacitance) in LTspice.  

After establishing the whole setup in LTspice circuit 

simulation software, the simulation results are compared 

with the experimental result performed at the laboratory 
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of Wurth Elektronik. Fig. 1 shows the experimental setup 

of the EMC test at Wurth Elektronik. 

 

 

 

After validation of results, a technique is also 

implemented to split the components of conducted 

emissions into common mode and differential mode. The 

emissions are compared to a standard limit line added to 

LTspice through plot settings and based on that different 

built-in filters are used to mitigate the noise.  

In this project, we have modeled a buck converter 

while referring to the datasheet provided by the 

manufacturer. The LT3975 model of the buck converter 

is used in LTspice for simulation. Fig 2 shows the circuit 

diagram of the LT3975 buck converter. 

 

II. METHODOLOGY         
 
A. Buck Converter 

In this project, we have modeled a buck converter 
while referring to the datasheet provided by the 
manufacturer. The LT3975 model of the buck converter 
is used in LTspice for simulation. Fig 2 shows the circuit 
diagram of the LT3975 buck converter. 

 

The equations used for modeling different parameters 
of the LT3975 buck converter are mentioned below:  

𝑅் =
ହ.ହଵ

(௙ೞೢ)భ.బవ   − 9.27                 (1) 

𝑅ଵ = 𝑅ଶ ቀ
௏೚ೠ೟

ଵ.ଵଽ଻ ௏
− 1ቁ           (2) 

𝐿  =  
௏೚ೠ೟ శ ௏೏

ଵ.ହ × ௙ೞೢ
            (3) 

𝐶௢௨௧ =  
ଶ଴଴

௏೚ೠ೟ × ௙ೞೢ
            (4) 

The parameters selected for the model are listed in 
table 1. 

 
Table 1 Buck converter parameters 

 
Input 
voltage 

Output 
voltage 

Frequency Load 

14v 5V 600KHz 5Ω 

 
B. Modeling the output capacitor  

The parasitic components of the output capacitor are 
modeled using the RedExpert database. The RedExpert 
database allows the user to choose the most suitable 
passive components required for a converter, buck 
converter in our case. We find the most suitable output 
capacitor for our application using RedExpert, which is 
22 microfarads. The ESR and ESL of that capacitor are 
determined using the impedance/frequency graph as 
shown in Fig. 3. The ESR is calculated at the resonance 
frequency (~666 kiloHertz) where the capacitor acts as a 
resistor. However, The ESL can be found at the 
frequency above the resonance; we calculated this value 
at 100 megaHertz. 

 
 

 

Fig. 3 Impedance/Frequency graph in RedExpert 

C. Electric Field Coupling 

The first, but major contribution to CM interference 
in a buck converter is the electric field coupling between 
the high dv/dt switching node voltage and GRP. Another 
major contribution that was observed during our project 
is electric field coupling is the voltage between the 
metallic casing of the device connected to the DUT and 
the GRP. This can be modeled and replaced by a simple 
parallel plate capacitor (Stray capacitance). 

Fig. 1 EMC experimental test setup at Wurth Elektronik 

Fig. 2 LT3975 Buck converter 
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D. Wire inductance 

The wire inductance can be modeled and represented 
using the equation [7] shown below:  

𝐿  =  0.0002𝑙 ቂ𝑙௡ ቀ
ଶ௟

௥
ቁ – 0.75ቃ                   (5) 

E. Line Impedance Stabilization Network 

The LISN (Line Impedance Stabilization Network) is 
one of the major apparatus used during EMC testing of a 
DUT. For our project, we established the mono-cell 
topology of LISN [8] which uses the least number of 
passive components and is used for simulation purposes. 

F. EMC Test Setup in LTspice 

After modeling all the essential parasitic elements that 
are necessary for EMC testing. A circuit is developed in 
LTspice for simulation and validation of results. It is 
made sure that the circuit, as shown in Fig. 4, resembles 
the experimental setup performed in Wurth Elektronik 
(W.E) laboratory for validation.  

The standardized limits for this experiment are set 
according to EN 55105; Class B Conducted, Quasi-Peak. 
The Plot settings are set to investigate the frequency 
spectrum from 10 kiloHertz to 30 megaHertz. The EN 
55105 is the title of standard for Limits and methods of 
measurement of radio disturbance characteristics of 
electrical lighting and similar equipment. [9]  

 
 

 

III. RESULTS 
 

Fig. 5 shows that the frequency spikes of the 
simulation results in LTspice are matching the 
experimental results performed at the W.E laboratory. 

 

Fig. 5 Comparison between simulation and 
experimental results 

A. Common mode and Differential mode Interference 

One of the major issues that EMC engineers face is 
identifying whether the emissions coming from a DUT 
have CM interference or DM interference. Based on the 
mode of noise, a filter is designed for the mitigation of 
that noise. In practice, a special device is used to decipher 
the CM interference and DM interference [10]. However, 
in LTspice, we can achieve this using the mathematical 
expressions shown below: 

CM = 
௏ಽ ା ௏ಿ

ଶ
                      (6) 

DM = 
௏ಽ ି ௏ಿ

ଶ
                      (7) 

 
It is observed that the differential mode interference 

violates the limit lines at lower frequencies. However, the 
common-mode interference crosses the limit line at 
higher frequencies, as shown in Fig. 6. 

 

DM interference is suppressed by inserting a de-
coupling and noise filtering electrolytic capacitor of 330 
microFarads at the input of the buck converter. Fig. 7 
shows the effect of the electrolytic capacitor on DM 
interference. The results are favorable, and the DM 
interference is mitigated. 

 

 CM interference in a circuit is a bit complex and is 
hard to filter out using conventional ways of filtering, 
rather special types of filters are designed in order to 

Fig. 4 Simulation circuit developed in LTspice for EMC 
testing 
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Fig. 6 CM and DM interference 
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Fig. 7 Effect of Polymer electrolytic capacitor on DM 
interference 
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mitigate the CM interference in a circuit. The most 
commonly used filters to mitigate the CM interference 
are common mode choke [11]. So, in this report, our 
work is merely limited to justify our work using common 
mode choke filters which are already been designed by 
the professionals. For the sake of validation, we have 
used a built-in library of model “XS_744821201_1m” for 
CM chokes provided by Wurth Elektronik. Fig. 8 shows 
the effect of common-mode choke inserted at the input of 
buck converter. Both the CM and DM interference are 
suppressed to a level that is allowed as per the 
standardized limits. 

 
 

 
IV. CONCLUSION 

 
We used Buck converter as our case study because it 

is very efficient when compared with linear converters, 
however, it is a rich source of unwanted emissions 
generated due to the high switching frequency 
components associated with it.  

All the simulations are carried out in a circuit 
simulation software called LTspice. The simulation 
model of a device can be accurately modeled by inserting 
lumped elements representing numerous stray and 
parasitic components of an element. This could make the 
results taken from simulation correspond a lot better to 
experimental measurements. Using the same technique, 
we could effectively pinpoint specific EMI components 
originating from the equipment under test. 
Aside from modeling the parasitic components of a 
device, it is also important to model electric field 
capacitive coupling which contributes to common-mode 
emissions for further accuracy. 

Using the technique presented in this report, the 
design engineers could use LTspice to predict the 
conducted noise emanating from a device under test, 
identify which component of the noise is dominant, 
compare the noise with a standardized limit line set 
according to the application, and also suppress the noise 
by adding filters in the circuit. Implementing this 
technique could save both the development time as well 
as the cost of the product. 

 

V. ACKNOWLEDGMENT 
 

The authors want to acknowledge the Würth 
Elektronik Group and especially Dr. Sylvain Le Bras for 
helping us during the project and providing the 
experimental data. We also would like to express our 
sincere gratitude to Linear Technology, since we have 
used their simulation software “LTspice” throughout this 
project for the EMI study. 

 
REFERENCES 

 
[1] R. Wester and J. Koster, "The Software behind 

Moore's Law," in IEEE Software, vol. 32, no. 2, pp. 
37-40, Mar.-Apr. 2015, doi: 10.1109/MS.2015.53. 

[2] "IEE Colloquium on 'Development of EMC 
Standards for Information Technology Equipment 
(Digest No.066)," IEE Colloquium on Development 
of EMC Standards for Information Technology 
Equipment, London, UK, 1992, pp. 0_1. 

[3] M. K. W. Wu and C. K. Tse, "A review of EMI 
problems in switch mode power supply design," 
Journal of Electrical and Electronics Engineering, 
Australia, vol. 16, no. 3&4,1996, pp. 193-204. 

[4] G. Li et al., "Prediction of Radiated Emissions From 
Cables Over a Metal Plane Using a SPICE Model," 
in IEEE Transactions on Electromagnetic 
Compatibility, vol. 57, no. 1, pp. 61-68, Feb. 2015, 
doi: 10.1109/TEMC.2014.2364405. 

[5] Ting Guo, D. Y. Chen and F. C. Lee, "Separation of 
the common-mode- and differential-mode-
conducted EMI noise," in IEEE Transactions on 
Power Electronics, vol. 11, no. 3, pp. 480-488, May 
1996, doi: 10.1109/63.491642. 

[6] R. Shirai and T. Shimizu, "Study of EMI Caused by 
Buck Converter on Controller Area Network," 2018 
International Power Electronics Conference (IPEC-
Niigata 2018 -ECCE Asia), Niigata, Japan, 2018, pp. 
3309-3314, doi: 10.23919/IPEC.2018.8507651. 

[7] RRL. ARRL Handbook - For the radio amateur. The 
American Radio League, Inc., 66th edition, 1988. 

[8] Ales, Achour & Belkacem, Faycal & Moussaoui, D. 
(2011). Laboratory Line Impedance Stabilisation 
Network: Experimental studies. 
10.1109/EEEIC.2011.5874774. 

[9] G. Verheugen, “European commission,” Pharm. 
Policy Law, vol. 6, pp. 1–2, 2005, doi: 
10.4324/9781849776110-28. 

[10] Clayton R. Paul. 2006. Introduction to 
Electromagnetic Compatibility (Wiley Series in 
Microwave and Optical Engineering). Wiley-
Interscience, USA. 

[11] M. Sánchez, A. Pérez, J. R. Regué, M. Ribó, P. 
Rodríguez-Cepeda and F. J. Pajares, "A Modal 
Model of Common-Mode Chokes for Conducted 
Interference Prediction," in IEEE Transactions on 
Electromagnetic Compatibility, vol. 52, no. 3, pp. 
749-752, Aug. 2010, doi: 
10.1109/TEMC.2009.2039753 

A
m

p
lit

u
de

 (
dB

u
V

) 

Frequency (Hz) 

 

Fig. 8 Effect of Common-mode choke on CM 
interference 


