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1. Introduction 

  Switching power converters tend to become more and 

more compact and lightweight with the increase of 

switching frequency, owing to the development of 

semiconductor devices and power electronics techniques. 

The conducted emission associated with fast switching 

actions also tends to increasingly introduce interferences 

to power conversion systems. Therefore, electromagnetic 

interference (EMI) modeling is a significant work that 

facilitates the possibility to efficiently solve EMI problem 

and design EMI filters1). 

 The current EMI noise modeling methods can be divided 

into two groups including time domain and frequency 

domain modeling methods, they all have their own 

strengths and weakness comparing with each other. The 

time domain modeling method also called as lumped 

circuit model is an extremely nature method that based 

on the physics of the actual circuit. The lumped circuit 

model is implemented in software simulated in time 

domain and finally transformed to frequency domain by 

fast Fourier transform (FFT) analysis. In lumped circuit 

model, every detail should be taken into consideration 

including switching device models and passive 

components like resistances, inductances and 

capacitances. In addition, the parasitic components on 

imperfect devices, cables and printed circuit board (PCB) 

should also be included in the model. Therefore, with the 

increase of the number of the components and complexity 

of the circuit, the model becomes complex and it is hard 

for simulation to reach convergence state. Thus, the time 

domain modeling method is time-consuming and requires 

large computational resources. It is also difficult to create 

the accurate noise model without deep understanding of 

all the devices and components2,3).  

 The frequency domain method is also called as behavior 

modeling method that based on noise source and noise 

propagation path concepts. The conventional frequency 

domain method is the simplest method that the 

characteristics of noise source and noise propagation path 

are presented in frequency domain and then the noise 

spectrum can be predicted in a simple and fast way4)-6). 

However, the conventional frequency domain method 

suffers from the inaccuracy of high frequency range noise 

modeling. In recent years, a series of novel terminal 

modeling methods are proposed that treat converters as 

“black box”. On the basis of the observation of a set of port 

voltage and current, the conducted emission 

characterizations of the converter is modeled by a 

Thevenin or Norton equivalent circuit without 

considering the actual structure and components inside4)-

12). The terminal modeling methods are able to be applied 

for system level conducted noise modeling, and also show 

a perfect accuracy, which are helpful for the EMI filters 

designs. However, the “black box” used in terminal 

modeling method is unable to indicate the essential of the 

conducted emission problem. The understanding of the 

noise source and noise propagation path is so vogue that 

cannot be considered a useful modeling method to help 

with the solution to noise problem from where it is 

generated.  
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  In this study, on the basis of conventional frequency 

domain molding concepts, a simple frequency domain 

EMI noise modeling method is proposed. The accuracy of 

high frequency range noise modeling is improved by 

proposed accurate noise source model, which is the 

weakness of the classical frequency domain modeling 

method.  

  In this study, a DC-DC boost converter is taken as an 

example to illustrate the proposed conducted noise 

modeling method. At first, the common mode (CM) noise 

model and propagation path are analyzed, and then the 

simple conducted noise spectrum expression in frequency 

domain is presented. Then, the Fourier coefficients of the 

noise sources are modeled on basis of experimental 

measured waveforms, and also the accuracy is verified by 

inverse Fourier transform. Finally, the comparison of 

predicted and measured conducted noise spectra are 

given to validate the effectiveness of the proposed simple 

noise modeling method. 

 

2. Noise Model of DC-DC Boost Converter 

  Figure 1 shows the schematic of a boost converter with 

line impedance stabilization network (LISN). Capacitor 

Cp is additional added to function as the typical parasitic 

capacitor between the drain of the MOSFET and frame 

ground in practical applications.  
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Fig. 1. Boost converter with LISN. 

 

Figure 2(a) shows the common mode (CM) noise 

generation mechanism, the fast turn-on and turn-off 

operations of switch S cause the occurrence of the high 

frequency EMI noise. Then, as the noise propagation path 

shown in Fig. 2(a), the noise current flows through 

parasitic capacitor Cp which provide a relevant low 

impedance propagation, and then flows into LISN and 

finally back to the switch. Figure 2(b) shows the 

equivalent circuit of CM noise model, the input capacitor 

Ci is regarded as short in high frequency range, and two 

paralleled 50 Ohm resistors in LISN is represented as a 

25 Ohm resistor. The voltage Vds that across the switch S 

is modeled as the noise source Vn in the equivalent circuit. 
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(b) 

Fig. 2. CM noise in boost converter (a) noise propagation 

path, (b) equivalent circuit. 

 

The CM noise current flows into frame ground via Cp 

and finally picked up by two paralleled 50 Ohm resistors 

in LISN as shown in Fig. 2(a). Accordingly, the CM noise 

voltage measured by LISN can be calculated by equation 

(1), the ZCp is the impedance of capacitor Cp. 

𝑉𝑐𝑚(𝑓) =
25

25 + 𝑍𝐶𝑝(𝑓)
∙ 𝑉𝑛(𝑓)                         (1) 

The propagation path of differential mode (DM) is 

shown in Fig. 3, the noise current flows through inductor 

L and LISN and finally back to noise source. As the noise 

source is series with an inductor which has high 

impedance in the high frequency range, and parallel with 

input capacitor Ci which has a low impedance in high 

frequency range, the DM noise that picked up by LISN is 

regarded as relevant small comparing with the CM noise. 

Thus indicating that the CM noise is considered as 

dominant noise source, and results in the most 

contribution to the conducted noise spectrum of the boost 

converter. Therefore this research only focuses on the 

conducted CM noise modeling.  
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Fig. 3. DM noise propagation path in boost converter. 
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3. Accurate Noise Source Modeling 

  As previously mentioned, the voltage Vds that across 

the switch is considered as CM noise source. Therefore, 

the noise source should be modelled on the basis of 

parameters of Vds waveform, and then transformed from 

time domain to frequency domain by Fourier transform. 

3.1. Square, Trapezoidal, and S-Shape Waveform Models 

  In conventional noise modeling methods, the noise 

voltage source is always modeled as a square waveform 

as shown in Fig. 4(a). The square waveform model 

contains the information of amplitude A, period T0 and 

duration 𝜏. The trapezoidal waveform shown in Fig. 4(b) 

is also applied to model noise source, which contains more 

information of rise time 𝜏r and fall time 𝜏f than square 

waveform, and provides a more accurate model than 

square waveform model. However, compared with actual 

noise waveform, the trapezoidal waveform model still 

fails to include some important details.  
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Fig. 4. Conventional noise source model (a) Square 

waveform; (b) Trapezoidal waveform. 

 

In this study, an S-shape waveform model shown in Fig. 

5 is used for noise source modeling in order to include 

details as much as possible. The illustration of square, 

trapezoidal and S-shape waveforms is shown in Fig. 613), 

it is obvious that the S-shape waveforms include much 

more information than square and trapezoidal waveforms. 

Based on the illustration shown in Fig. 6 and 

differentiation characteristics of Fourier coefficient 

expressed in equations (2) and (3). The Fourier coefficient 

of S-shape waveform is expressed in equation (4). 
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Fig. 5. S-shape waveform model. 
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Fig. 6. Illustration of square, trapezoidal and S-shape 

waveforms13). 

 

𝑑𝑘𝑥(𝑡)

𝑑𝑡𝑘
= ∑ 𝐶𝑛

𝑑𝑘

𝑑𝑡𝑘
(𝑒𝑗𝑛𝜔𝑡) = ∑ 𝐶𝑛(𝑗𝑛𝜔)𝑘𝑒𝑗𝑛𝜔𝑡

∞

𝑛=−∞

∞

𝑛=−∞

      (2) 

      𝐶𝑛 =
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3.2. Ringing Waveforms 

 Many parasitic components exist in the practical circuit 

including inductances, capacitances and resistances. 

Along with the fast switching actions of the switch, 

resonances occur owing to the existence of the parasitic 

components. The resonance waveform is also a part of 

noise source waveform with high frequency as shown in 

Fig. 7. The resonance waveforms are considered as noise 

sources that result in remarkable contribution to high 

frequency range noise on the conducted noise spectrum, 

therefore cannot be neglected.  
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Fig. 7. S-shape waveform with ringing waveform. 

  The resonance waveforms are also taken into 

consideration in the proposed noise source model as 

shown in Fig. 7, and the Fourier coefficients of resonance 

waveforms are also derived on the basis of the parameters 

of waveforms to transform the expression from time 

domain to frequency domain. The final calculated Fourier 

coefficient of resonance waveforms is expressed in 

equation (5). 

  The sum of the Fourier coefficients of S-shape 

waveform and ringing waveforms is modeled as the 

expression of the noise source model in frequency domain, 

which contains information including amplitude, 

duration time, rise/fall time, and ringing waveforms, and 

is considered as an accurate noise source model. The 

experimental measurements are conducted on a boost 

converter implemented with the parameters listed in 

Table 1. The noise source model is created on the basis of 

the experimental measured Vds waveform shown in Fig. 8. 

As even a small error may result in significant 

discrepancy of the calculated noise spectrum, the 

calculated Fourier coefficients are verified by inverse 

Fourier transform based on equation (6) to transform the 

noise source model from frequency domain to time 

domain, and then the waveforms in time domain can be 

Vds(25V/div)

IL(5A/div)

200ns/div 200ns/div4μs/div

 

Fig. 8. Experimental waveforms. 
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Fig. 9. Calculated waveforms. 
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drawn. According to the comparison between the 

calculated waveform shown in Fig. 9 and experimental 

measured waveform shown in Fig. 8, it comes to a 

conclusion that the accuracy of calculated Fourier 

coefficients of noise source model is verified. 

 

                                 𝑉𝑑𝑠(𝑡) = ∑ 𝐶𝑛 ∙ 𝑒𝑗𝑛𝜔0𝑡

∞

𝑛=−∞

                        (6) 

 

Table 1 Circuit Parameters 

Parameter Symbol Value 

Input voltage 𝑉𝑖 12 V 

Output voltage 𝑉𝑜 48 V 

Switching frequency 𝑓𝑠 103 kHz 

Parasitic capacitor 𝐶𝑝 1 nF 

 

4. Experimental Verification 

  In the practical circuit, the parasitic components exist 

everywhere, including but not limited to the impedance of 

cable between the terminals of LISN and equipment 

under test (EUT), and parasitic impedance of the printed 

circuit board (PCB). Therefore the impedance of 

aforementioned parts are also taken into consideration 

and calculated as a part of the noise propagation path. 

The impedance components mentioned above are 

measured and added in the noise propagation path. The 

final CM noise model of boost converter is shown in Fig. 

10 with the noise source model and propagation path 

model, and the calculation expression is expressed in 

equation (7) accordingly, where the ZCp is the impedance 

of capacitor Cp, the ZCable is the sum of the impedance of 

the cable of LISN and input side cable of the converter; 

the ZPCB is the impedance of the PCB. 

Vn
25Ω

LISN

ZCp

ZPCBZCable

 

Fig. 10. Equivalent circuit of CM noise with parasitic 

components. 

      𝑉𝑐𝑚(𝑓) =
25

25 + 𝑍𝐶𝑝(𝑓) + 𝑍𝐶𝑎𝑏𝑙𝑒(𝑓) + 𝑍𝑃𝐶𝐵(𝑓)
∙ 𝑉𝑛(𝑓)       (7) 

 The proposed conducted noise modeling method is 

verified on a DC-DC boost converter with the circuit 

parameters listed in Table 1. Also the conducted noise 

spectrum is calculated based on the noise source and 

noise propagation path model expressed by equation (7). 

Figure 11 shows the comparison between the 

experimental measured spectrum and predicted 

conducted noise spectrum envelope with conventional 

square waveform, trapezoidal waveform and proposed 

noise source models that shown in Fig. 4 (a), Fig. 4 (b) and 

Fig. 7 respectively. The red line and blue line are the 

calculated and experimental measured noise spectra. 

According to Fig. 11 (a) and Fig. 11 (b), it can be found 

that the peaks in low frequency range (0.15 MHz-2 MHz) 

can be covered perfectly by calculated noise spectrum 

envelope which using conventional square waveform and 

trapezoidal waveform models, however these models are 

fail to match peak in the high frequency range (10 MHz-

30 MHz) of the noise spectra. In Fig. 11 (c), by applying 

the proposed noise source model, the peaks in the low 

frequency range (0.15 MHz-2 MHz) as well as the peak in 

high frequency range (10 MHz-30 MHz) can be covered 

perfectly by calculated noise spectrum envelope. 

Therefore, the calculated noise spectrum is in accordance 

with the measured spectrum, and the drawback of 

conventional frequency domain EMI modeling methods is 

improved by the noise source model proposed in this 

research.   
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(c) 

Fig. 11. Conducted noise spectrum with different noise 

source models (a) square waveform noise source model; 

(b) trapezoidal waveform noise source model; (c) 

proposed noise source model. 

 

The generality of the proposed conducted noise modeling 

method is discussed by adding Y capacitors in the circuit 

as an EMI filter to change noise propagation path as the 

schematic and equivalent circuit shown in Fig. 12(a) and 

(b), where the ZCable1 and the ZCable2 are the impedance of 

the LISN and input cable of the converter. Figure 13 

shows the comparison of the calculated and measured 

conducted noise spectra with the conventional and 

proposed noise source models. The second peak in the 

high frequency range (10 MHz-30 MHz) of the noise 

spectra cannot be predicted by using conventional noise 

source models as shown in Fig. 13 (a) and Fig. 13 (b). 

However, as shown in Fig. 13 (c), by applying the proposed 

noise source model, the noise peaks in low frequency 

range (0.15 MHz-2 MHz) and high frequency range (10 

MHz-30 MHz) in the experimental measured and 

calculated spectra match very well, the effectiveness of 

the proposed method is validated. Therefore the proposed 

conducted noise modeling method can be applied in 

different applications and topologies.  
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Fig. 12. CM noise in boost converter with Y capacitors, 

(a) noise propagation path; (b) equivalent circuit. 

C
o

n
d

u
ct

ed
 N

o
is

e

V
o

lt
ag

e[
d

B
μ

V
]

110

100

90

80

70

60

50

40

30

20

10

0

0.15    0.2          0.3             0.5        0.7         1                       2             3                5          7          10                     20          30

Frequency[MHz]

              Calculated Spectrum

              Measured Spectrum 

 

(a) 

C
o
n
d
u
ct

ed
 N

o
is

e

V
o
lt

ag
e[

d
B

μ
V

]

110

100

90

80

70

60

50

40

30

20

10

0

0.15    0.2          0.3             0.5        0.7         1                       2             3                5          7          10                     20          30

Frequency[MHz]

              Calculated Spectrum

              Measured Spectrum 

 

(b) 

C
o
n
d
u
ct

ed
 N

o
is

e

V
o
lt

ag
e[

d
B

μ
V

]

110

100

90

80

70

60

50

40

30

20

10

0

0.15    0.2          0.3             0.5        0.7         1                       2             3                5          7          10                     20          30

Frequency[MHz]

              Calculated Spectrum

              Measured Spectrum 

 

(c) 

Fig. 13. Conducted noise spectrum after adding Y 

capacitors with different noise source models (a) square 

waveform noise source model; (b) trapezoidal waveform 

noise source model; (c) proposed noise source model. 
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5. Conclusion 

A simple frequency domain conducted noise modeling 

method with an accurate noise source model is proposed 

in this study. The Fourier coefficients of the practical 

experimental measured noise source waveforms are 

calculated to transform the expression from time domain 

to frequency domain, which is an accurate noise source 

model with enough information. The accuracy of the noise 

source model is also verified by comparing the waveform 

of calculated noise source model with the original noise 

source waveform in time domain. Finally, the 

effectiveness of the proposed conducted noise modeling 

method is validated on a boost converter without and with 

an EMI filter added. The low frequency (0.15 MHz-2 MHz) 

and high frequency (10 MHz-30 MHz) conducted noise 

can be calculated perfectly by proposed noise modeling 

method. 
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