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Abstract—This paper develops modeling and reduction 
techniques of the radiated electromagnetic interference (EMI) in 
non-isolated power converters in automotive applications. In 
modeling investigations, noise source models and the antenna 
models are developed to reveal the generation of the common 
mode (CM) noise and the radiated EMI in the investigated buck-
boost power converter. The developed models can predict the 
radiated EMI with clear physical meanings of the switching noise, 
the power converter topology, and the PCB parasitics. The 
influences of the PCB ground layer parasitics on the radiated EMI 
are first revealed. In noise reduction investigations, several 
techniques are proposed including 1) PCB layout improvement for 
reducing the parasitics of the ground layer and 2) circuit topology 
improvement including the addition of a capacitor across the input 
and output nodes and improvement of the PCB traces connecting 
the cross capacitor. Experimental verifications of the radiated 
modeling and reduction techniques are conducted on a buck-boost 
power converter in automotive lighting applications.  
 

Index Terms—Radiated emission, electromagnetic interference 
(EMI), radiated EMI, common mode, non-isolated power 
converter 

I. INTRODUCTION 

The radiated EMI in power electronics systems in automotive 
applications is regulated by many international standards, such 
as CISPR25 [1-3]. It is essential to develop modeling and noise 
reduction techniques for the radiated EMI in power converters 
in automotive applications [1, 4].  

To predict the radiated EMI caused by the CM current, some 
researches focus on the CM current measurement technique and 
the CM current information based radiated EMI prediction [4]. 
The spatial distribution of the CM current, including the 
magnitude and phase information, can be extracted by 
measurements. Based on the extracted spatial distribution of the 
CM current, a multi-dipole model is built for predicting the 
radiated EMI [4]. Specifically, the cable bundle is divided into 
short segments and modeled as a set of distributed Hertzian 
dipoles. The radiated EMI is calculated as the superposition of 
the resulted electromagnetic fields of the distributed Hertzian 
dipoles [4, 5]. The existing researches can develop a transfer 
function to characterize the relationship between the CM 
current and the radiated EMI. However, the CM current is a 
middle parameter between the noise sources generated by the 
power converter and the radiated EMI generated by the power 

cables attached to the power converter. It is essential to 
characterize the CM noise generation mechanism in the power 
converter system. 

To describe the CM behavior of the power converter, some 
researches have developed an equivalent CM behavioral model 
of the power converter. The equivalent CM behavioral model is 
reconstructed by the terminal parameters including the CM 
current and the CM terminal impedances [6]. The equivalent 
CM noise sources and impedances are reconstructed for 
representing the equivalent CM behavioral model of the power 
converter. However, the terminal behavioral model does not 
have a clear relation with the physical parameters of the power 
converter. Such a black-box model needs to be improved. And 
it is essential to develop models with physical meanings of the 
power converter parameters.  

With the consideration of physical meanings of the power 
converter parameters, extensive existing researches have 
revealed the fundamental mechanisms of the noise generation 
in isolated power converters in consumer electronics 
applications like power adapters [7-9]. In isolated power 
converters, CM noise is usually transformed from the switching 
noises through the isolation transformer’s interwinding 
parasitics [9, 10]. The CM noise generation mechanism in non-
isolated power converters has significant differences from that 
in isolated power converters. While in non-isolated power 
converters, there is no isolation transformer and the CM noise 
generation mechanism is different [11].  

In some non-isolated power converters, the pulsating 
voltages and the parasitic couplings can act as the radiation 
excitation sources [12]. In [12], the equivalent source voltage 
and the stray capacitance are investigated using the transverse 
electromagnetic (TEM) cell. In the full-wave simulation, the 
radiated EMI from the cable antenna is simulated [12]. 
However, the relationship between the converter and the 
radiated EMI is not disclosed [13]. And when the converter 
topology and the testing setup are complicated, the extraction 
of the equivalent source is not simple or straightforward [13]. 
Moreover, this model assumes the parasitic capacitance 
between pulsating nodes and the ground plays a big role in a 
monopole antenna which includes one attached cable. But this 
mechanism does not apply to this paper’s study case with the 
input/output cables as the radiation antenna and with the voltage 
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difference between input and output nodes as the radiation 
excitation. 

Further investigations are needed to develop models with 
clear physical meanings to reveal the mechanisms of the noise 
generation and transformation in non-isolated power 
converters. And critical parameters need to be identified and 
improved for noise reductions.  

This paper will develop modeling and reduction techniques 
of radiated EMI in non-isolated power converters in automotive 
applications, and specifically has several objectives. 1) Develop 
the models for the noise circuit of the power converter, a) with 
clear physical meanings of the noise sources, parasitic 
impedances, b) with the considerations of physical components 
and PCB; 2) Develop the models for the radiation antenna; 3) 
Base on the developed models, develop guidelines for reducing 
the radiated EMI. 

This paper is organized as follows. In the second section, this 
paper will present the modeling of the noise circuit and the 
antenna.  In the third section, noise reduction techniques 
including the circuit topology improvement and the PCB 
improvement will be proposed and verified. In each section, 
simulation and experimental verifications are included. 

II. DEVELOPMENT OF RADIATED EMI NOISE MODELS IN NON-
ISOLATED POWER CONVERTERS 

A. Noise source model 

Fig. 1 shows a buck-boost converter in automotive lighting 
applications. The system includes the battery, the power 
converter (as the LED driver), the LED headlights (as the load) 
and the attached input and output power cables. In Fig. 1, 
according to the regulation standard CISPR 25, the length of the 
input cable between the battery and the LED driver power 
converter is 1.5m and according to the practical application 
setup, the length of the output cable between the LED driver 
power converter and the LED light is 0.5m. The input and 
output power cables form the antenna. And the antenna is 
driven by the voltage difference ௉ܸଷ௉ଵ between the input node ଵܲ and the output node ଷܲ of the buck-boost power converter, 
which is called as the CM terminal voltage. The resulted CM 
current flows through the attached power cables causing the 
radiated EMI.  

 
Fig. 1. Non-isolated power converters applied as automotive LED drivers 

About the CM noise generation mechanisms in the non-
isolated power converter, if the ground layer is ideal and has 
zero parasitics and zero impedance. The voltage drop on the 
ideal ground layer would be zero. Further with the small 
impedance of the decoupling capacitors neglected, the voltage 

difference ௉ܸଷ௉ଵ would be zero. If under this ideal condition, 
the radiation excitation for the antenna consisting of the input 
and output power cables would be zero. And the resulted 
radiated EMI from the power cables would be zero. 

However, in reality, there are parasitic impedances of the 
physical PCB traces. Though those parasitics are not shown in 
the schematics, their impacts on the noise generation and the 
radiated EMI are significant. Fig. 2 shows the parasitic 
impedances of the ground layer, which has the impedance 
magnitude reaching the 10଴  and 10ଵ  orders at high 
frequencies. Voltage drops can be induced on the parasitic 
impedances of the ground layer. In the investigated buck-boost 
converter, ௉ܸଷ௉ଵ  is due to the voltage drops on the parasitic 
impedances of the nonideal ground layer. With the 
consideration of the operating principle of the buck-boost 
converter, the ground layer is divided into several segments 
according to the operating intervals and the sub-circuits. 
Specifically, the ground layer is divided into two segments, 
respectively the segment between ூܲ௡ீே஽  and ସܲ , and the 
segment between ସܲ  and ைܲ௨௧ீே஽ . Note that, in Fig. 2, the 
decoupling capacitors’ impedances are negligible as compared 
with those of the ground layers. As a result, the differential 
mode voltage drops on the decoupling capacitors are very small 
and are neglected in the radiated EMI analyses.  The CM 
terminal voltage between ଵܲ  and ଷܲ  approximately equals to 
the voltage difference between ூܲ௡ீே஽ and ைܲ௨௧ீே஽ . 

 
(a) 

 
(b) 

Fig. 2. Parasitic impedances of the ground layer (a) ground layer nodes on the 
physical power converter (b) extracted impedances 
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To analyze the noise circuit consisting of the switching 
devices and the parasitic impedances of the ground layer as 
shown in Fig. 3 (a), switching devices are replaced by 
voltage/current sources according to the substitution theorem, 
as shown in Fig. 3 (b).  

 
(a) 

 
(b) 

Fig. 3. Noise circuit of the buck-boost power converter (a) The converter circuit 
with the parasitic impedances of the ground layer (b) Switching devices 
replaced by voltage/current sources 

The noise transformation from the two noise sources to the 
CM terminal voltage ௉ܸଷ௉ଵ can be analyzed based on the noise 
circuit using the superposition theorem.  

The contribution from ௌܸௐ to the CM terminal voltage is 

 ௉ܸଷ௉ଵ_௏ௌௐ = − ௌܸௐ ⋅ ௓ಸಿವభ௓ಸಿವభା௓ಽ  (1) 

where a transfer function is extracted to characterize the 
transformation from ௌܸௐ to the CM terminal voltage as 

௏௉ଷ௉ଵ_௏ௌௐܩ  = ௏ುయುభ_ೇೄೈ௏ೄೈ = − ௓ಸಿವభ௓ಸಿವభା௓ಽ  (2) 

The contribution from ܫ஽ to the CM terminal voltage is 
 ௉ܸଷ௉ଵ_ூ஽ = ஽ܫ− ⋅ ሺሺܼீே஽ଵ||ܼ௅ሻ + ܼீே஽ଶሻ  (3) 

where a transfer function is also extracted to characterize the 
transformation from ܫ஽ to the CM terminal voltage, as 

௏௉ଷ௉ଵ_ூ஽ܩ  = ௏ುయುభ_಺ವூವ = −ሺሺܼீே஽ଵ||ܼ௅ሻ + ܼீே஽ଶሻ  (4) 

According to the superposition theorem, the total ௉ܸଷ௉ଵ equal 
to 

 ௉ܸଷ௉ଵ = ܸܲ3ܲ1_ܸܹܵ +  (5)  ܦܫ_3ܲ1ܸܲ
With (1) and (3) substituted to (2.c1), the total ௉ܸଷ௉ଵ  is 

calculated as 

 ௉ܸଷ௉ଵ = − ௌܸௐ ⋅ ௓ಸಿವభ௓ಸಿವభା௓ಽ − ஽ܫ ⋅ ሺሺܼீே஽ଵ||ܼ௅ሻ + ܼீே஽ଶሻ(6) 

To simplify the expression, with (2) and (4) substituted to (5), 
the total ௉ܸଷ௉ଵ is expressed as 

 ௉ܸଷ௉ଵ = ௌܸௐ ⋅ ௏௉ଷ௉ଵ_௏ௌௐܩ + ஽ܫ ⋅  ௏௉ଷ௉ଵ_ூ஽ (7)ܩ
As the switching noises, ௌܸௐ and ܫ஽ are measured. The time-

domain waveform and the spectrums are shown in Fig. 4. Note 
that, the bandwidth of the voltage probe (Rigol RP3500A) is 
500MHz. And from the measured waveforms and the 
spectrums, except for the spectrum bumps due to the ringing 

around 140 MHz, the noise spectrums of  ௌܸௐ and ܫ஽ decreases 
at high frequencies. 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Waveforms and spectrums of the noise sources (a) waveforms (b) ௌܸௐ 
spectrum (c) ܫ஽ spectrum 

The transfer gains of ܩ௏௉ଷ௉ଵ_௏ௌௐ  and ܩ௏௉ଷ௉ଵ_ூ஽  are 
extracted, as shown in Fig. 5.  

 
Fig. 5. Noise transfer gains of ܩ௏௉ଷ௉ଵ_௏ௌௐ and ܩ௏௉ଷ௉ଵ_ூ஽ 
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gains extracted, according to (7), ௉ܸଷ௉ଵ  can be predicted, as 
shown in Fig. 6. The predicted ௉ܸଷ௉ଵ can match the measured. 
And the noise source model is verified. 

 
Fig. 6. Comparison of the measured and predicted CM terminal voltage 
spectrums 

B. Antenna model 

Fig. 7 shows the diagram of the power cable arrangement 
according to CISPR 25. Fig. 8 shows the Thevenin equivalence 
of the cable antenna and the radiation excitation, where ܴ௅ is 
the loss resistance along antenna arms, ܴ௥  is the radiation 
resistance, ஺ܺ is the reactance of antenna to represent the near 
field energy, and ஺ܼ௡௧௘௡௡௔ = ܴ௅ + ܴ௥ + ݆ ஺ܺ  is antenna 
impedance at terminals, ܼ஼ெ஼௢௡௩ is the source impedance of the 
power converter. 

 
Fig. 7. Cable antenna and the equivalent radiation excitation source 

 
Fig. 8. Thevenin equivalence of the antenna and the excitation  

The power delivered to the cable antenna for radiation is 

 ௥ܲ = ଵଶ ஼ெ|ଶܴ௥ܫ| = |௏಴ಾ|మଶ ቂ ோೝ|௓಴ಾ಴೚೙ೡାோಽାோೝା௝௑ಲ|మቃ  (8) 

In the far field region, in the equivalent isotropic and uniform 
radiation case, the relation between the radiated power and the 
radiated electric field intensity ܧ is 

 ௥ܲ = ாమଶఎ ⋅  ଶ  (9)ݎߨ4

which can be expressed as 

ܧ  = ඥ ௥ܲݎߨ2/ߟଶ  (10) 
where ݎ is the distance between the radiation antenna and the 
observation point, ߟ is the characteristic impedance 120ߨ	Ω. 

With (8) substituted to (10), derives 

ܧ  = | ஼ܸெ| ⋅ ටଵସ ቂ ோೝ|௓಴ಾ಴೚೙ೡାோಽାோೝା௝௑ಲ|మቃ ⋅ ఎగ௥మ	  (11) 

which indicates that the radiated electric field intensity ܧ  is 
proportional to the magnitude | ஼ܸெ| by a transfer gain. And the 
transfer gain of the antenna is designated as  

௏஼ெܩ  = ටଵସ ቂ ோೝ|௓಴ಾ಴೚೙ೡାோಽାோೝା௝௑ಲ|మቃ ⋅ ఎగ௥మ	 (12) 

In the CISPR 25 setup, for the case without the CM choke, 
the converter’s CM impedance ܼ஼ெ஼௢௡௩  is small and negligible 
as compared with antenna’s impedance ஺ܼ௡௧௘௡௡௔= ܴ௅ + ܴ௥ +݆ ஺ܺ. (13) can be reduced as 

௏஼ெᇱܩ   = ටଵସ ቂ ோೝ|ோಽାோೝା௝௑ಲ|మቃ ⋅ ఎగ௥మ	 (13) ܩ௏஼ெᇱ  can be extracted by experiments. In the experiments, 
an excitation voltage | ஼ܸெᇱ |  is added to the terminals of the 
power cables.  A gain between the excitation voltage | ஼ܸெᇱ | and 
the resulted radiated electric field intensity ܧ′ can be extracted 
as 

௏஼ெᇱܩ  = ாᇲห௏಴ಾᇲ ห  (14) 

The extracted gain of ܩ௏஼ெᇱ  is shown in Fig. 9. The ܩ௏஼ெᇱ  has 
the bumps around 100 MHz, 150 MHz, 200 MHz, 250 MHz, 
300 MHz, and 400 MHz, which are the intrinsic characteristics 
of the power cable antenna in the CISPR25 testing setup.

 
Fig. 9. Antenna’s transfer gain between excitation voltage and the resulted 
radiated EMI intensity  

C. Radiated EMI prediction  

With the CM terminal voltage and the antenna’s transfer gain 
predicted, the radiated EMI can be predicted based on the 
flowchart shown in Fig. 10. The comparison of the predicted 
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and the measured radiated EMI is shown in Fig. 11. 

 
Fig. 10. Radiated EMI prediction procedure 

 
Fig. 11. Comparison of measured and predicted radiated EMI 

From Fig. 11, the radiated EMI predicted based on the CM 
terminal voltage and the cable antenna’s transfer gain, can 
match the measured. The antenna model and the radiated EMI 
prediction are verified. 

To summarize the EMI noise model researches, 1) in the 
noise source model, the switching voltages and currents in the 
converter can transform to be the CM terminal voltages due to 
the parasitic impedance of the ground layer, and the impedances 
of ground layer are important 2) in the antenna model of the 
power cables, the power converter’s CM terminal voltage is the 
radiation excitation driving the cable antenna radiating to space, 
and the cable antenna is a critical factor causing part of the 
radiated EMI bumps. 

Based on the modeling researches, the radiated EMI can be 
reduced by reducing CM terminal voltage and by reducing the 
antenna’s transfer gain. While the transfer gain of the cable 
antenna is an intrinsic parameter of the arranged power cables 
determined by the CISPR 25 standard and by the application 
scenario and cannot be changed. To reduce the radiated EMI, 
the feasible approach is by reducing radiation excitation noise 
generated by the power converter.  

III. NOISE REDUCTION TECHNIQUES OF CIRCUIT TOPOLOGY 

IMPROVEMENT AND PCB LAYOUT IMPROVEMENT 

In the study case of the buck-boost power converter with 
power cables attached, since the CM terminal voltage is the 
radiation excitation noise, it is essentially important to develop 

noise reduction techniques by reducing the CM terminal 
voltage.   

The CM terminal voltage is the result of the superimposed 
voltage drops on the ground layer. In order to reduce the CM 
terminal voltage, reducing the ground layer impedance will be 
helpful. Based on the analyses, there are two approaches: 1)  by 
improving the ground layer layout, the improved ground layer 
layout can reduce the parasitic impedances and the voltage 
drops; 2) by the improvement of the circuit topology, an 
addition of cross capacitors with small impedances at high 
frequencies connected in parallel with the ground layer can 
equivalently reduce parasitic impedances and can reduce the 
voltage drops on the ground layer.  

A. PCB parasitics analysis and improvement for noise 
reduction 

The parasitic impedance of the ground layer/trace is 
predominantly equivalent series inductance (ESL) at high 
frequencies. The ESL of the flat wire can be calculated as ݐ݈݂ܽܮ = 2 ⋅ ℓ ቈlnቆ 2 ⋅ ℓݓ+ +ቇݐ 0.5+ 0.2235 ⋅ +ݓ ℓݐ ቉ 	 
              = 2 ⋅ ℓ ⋅ ln ቀ ଶ⋅ℓ௪ା௧ቁ + ℓ + 0.447 ⋅ ሺݓ +  ሻ ሾnHሿ (15)ݐ

Where ℓ is the length in cm, ݓ is the width in cm, ݐ is the 
thickness in cm 

 
ℓ߲ݐ݈݂ܽܮ߲ = 2 ⋅ ሺݓ+ +ሻݐ ݐ߲ݐ݈݂ܽܮ߲ (16) 1 = −ሺݓ+ ሻݐ ⋅ 2 ⋅ ℓ ⋅ 1ሺݓ+ ሻ2ݐ + 0.447 

 = −2 ⋅ ℓ ⋅ ଵ௪ା௧ + 0.447  (17) 

The thickness ݐ is in the order of 10ିଷ cm,  

 ቚడ௅೑೗ೌ೟డ௧ Δݐቚ < ቚడ௅೑೗ೌ೟డℓ Δℓቚ  (18) 

in practical dimension parameters, with ℓ ~10଴  cm, 10~ ݓ଴ 
cm and 10ି~ ݐଷ cm. Given the practical dimension parameters, ܮ௙௟௔௧  is more sensitive to the trace length than to the thickness.  

In the investigation case study, given the ground layer length, 
thick plates of 1.0 cm soldering tin are applied in parallel with 
the ground layer (original thickness 0.0035 cm), as shown in 
Fig. 12. The application of thick ground layer will have limited 
effect for reducing the ESL. For example, given the trace width 
1 cm, length 4cm, with the thickness increased from 0.0035 cm 
to 1 cm, the inductance is reduced from 21.06 nH to 15.98 nH, 
reduced to 75.6% (-2.4 dB). As a result, regarding the radiated 
EMI, although it can be reduced, as shown in Fig. 13, the 
reduction is limited around -3 dB.  

 
Fig. 12. Application of the thick ground trace  
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Fig. 13. Radiated EMI before and after the application of thick ground trace  

B. Circuit topology improvement and noise circuit analyses 

A capacitor can be applied across the input and output nodes, 
which is connected (or equivalently connected) in parallel with 
the ground layer, as shown in Fig. 14. It should be pointed out 
because the distance between ଵܲ  and ଷܲ  on the PCB is much 
smaller than that between ூܲ௡ீே஽  and ைܲ௨௧ீே஽ , the cross 
capacitor is applied between ଵܲ  and ଷܲ  for reducing the trace 
length and the induced ESL. 

 
Fig. 14. Buck-boost converter with the cross capacitor applied 

After the application of the cross capacitor, the contribution 
from ௌܸௐ to ௉ܸଷ௉ଵ is 

 ௉ܸଷ௉ଵ_௏ௌௐ = − ௌܸௐ ⋅ ௓ಸಿವభ||ሺ௓ಸಿವమା௓಴೎ೝ೚ೞೞሻ௓ಸಿವభ||ሺ௓ಸಿವమା௓಴೎ೝ೚ೞೞሻା௓ಽ (19) 

and the transfer function to characterize the transformation 
from ௌܸௐ to the CM terminal voltage is 

௏௉ଷ௉ଵ_௏ௌௐܩ  = ௏ುయುభ_ೇೄೈ௏ೄೈ = − ௓ಸಿವభ||ሺ௓ಸಿವమା௓಴೎ೝ೚ೞೞሻ௓ಸಿವభ||ሺ௓ಸಿವమା௓಴೎ೝ೚ೞೞሻା௓ಽ(20) 

The contribution from ܫ஽ to the CM terminal voltage is 
 ௉ܸଷ௉ଵ_ூ஽ = ஽ܫ− ⋅ ሺሺሺܼீே஽ଵ||ܼ௅ሻ + ܼீே஽ଶሻ||ܼ஼௖௥௢௦௦ሻ (21) 

and the transfer function to characterize the transformation 
from ܫ஽ to the CM terminal voltage is ܩ௏௉ଷ௉ଵ_ூ஽ = ௉ܸଷ௉ଵ_௏ௌௐܫ஽  

                        = −ሺሺሺܼீே஽ଵ||ܼ௅ሻ + ܼீே஽ଶሻ||ܼ஼௖௥௢௦௦ሻ (22) 
The noise transfer gains before and after the application of 

the cross capacitor (for example, a ceramic capacitor, 1uF) are 
compared in Fig. 15. The application of cross capacitor is 
effective to reduce the transfer gains.  

After the application of the cross capacitor, the switching 
noise is compared with the original case. The time-domain 
waveforms are shown in Fig. 16. The cross capacitor has a 
negligible influence on the slew rates of the switching noise, but 
it can influence the ringing frequency and magnitude.  

 
Fig. 15. Comparison of noise transfer gains 

 
(a)  

 
(c)  

 
(c)  

Fig. 16. Comparison of ௌܸௐ  before and after the application of the cross 
capacitor (a) whole waveform (b) switching-off transition (c) switching-on 
transition 
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The spectrums of the switching noise before and after the 
application of the cross capacitor are compared, as shown in 
Fig. 17. Since at most frequencies (especially <100MHz), the 
spectrum is determined by the slew rates which are almost 
unchanged after the application of the cross capacitor, the 
spectrum is almost unchanged at most frequencies. The 
application of the cross capacitor can influence the ringing 
frequency and magnitude but it does not reduce the switching 
noise spectrum overall. For the switching noise ܫ஽ , the 
application of the cross capacitor also does not influence most 
frequencies and merely influences the ringing and the 
corresponding spectrum. In summary, the application of the 
cross capacitor does not have a significant influence on the 
switching noises, although it can equivalently reduce the 
ground layer’s impedance and the noise transfer gain 
significantly. 

 
Fig. 17. Comparison of ௌܸௐ spectrums before and after the application of the 
cross capacitor 

The application of the cross capacitor can effectively reduce 
the noise transfer gains, and the CM terminal voltage is reduced 
effectively, as shown in Fig. 18. Both the time domain 
waveform and the spectrums can show significant reductions. 

 
(a)  

 
(b)  

Fig. 18. Comparison of ௉ܸଷ௉ଵ  before and after the application of the cross 
capacitor (a) time-domain waveforms (b) spectrums 

With the CM terminal voltage reduced by the application of 
the cross capacitor, the radiated EMI is reduced accordingly, as 
shown in Fig. 19.  

 
Fig. 19. Radiated EMI before and after the application of the cross capacitor 

After the application of the cross capacitor, the parasitics 
impedances of the traces connecting the cross capacitor is in 
series connection with the cross capacitor, as shown in Fig. 20. 
Except for the parasitic impedance of the ground layer/trace, 
there is another type of layer/trace influential for the radiated 
EMI. The parasitic impedances of the traces can be larger than 
the cross capacitor’s impedance at high frequencies. As a result, 
the effect of the cross capacitor for reducing the radiated EMI 
is degraded.  
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(b)  

Fig. 20. Parasitics impedances of the traces connecting the cross capacitor 
(a) Circuit with the cross capacitor and the parasitic impedances (b) Extracted 
impedances 

To further improve the noise reduction effect of the cross 
capacitor, it is essentially important to improve the layout to 
minimize the parasitics of the traces connecting the cross 
capacitor. As a case study, thick plates of 1 cm soldering tin are 
connected in parallel with the traces connecting the cross 
capacitor as shown in Fig. 21. The radiated EMI can be further 
reduced (around -3 dB) as compared with the case with the 
application of the cross capacitor, as shown in Fig. 22. 

 
Fig. 21. Investigation of the thick trace applied to the traces connecting the cross 
capacitor (W/ ܥ஼௥௢௦௦) 

 
Fig. 22. Radiated EMI before and after the application of thick traces applied 
(W/ ܥ஼௥௢௦௦) 

In summary of the noise reduction techniques, it is effective 

to reduce the radiated by 1) the improved PCB layout by 
reducing the trace length and increasing the trace thickness 2) 
the application of cross capacitor and the improvement of 
connection traces. 

IV. CONCLUSIONS  

Modeling and noise reduction techniques of radiated EMI in 
non-isolated power converters in automotive applications are 
verified. Based on the developed noise source model and the 
antenna model, the radiated EMI can be predicted. And based 
on the modeling, influence parameters like the ground layer 
impedances are identified. To reduce the radiated EMI in non-
isolated power converters in automotive applications, 
preliminary guidelines are developed, including 1) the 
application of the cross capacitor with small ESL and 2) the 
improvement of the PCB layout by reducing the trace length 
and increasing the trace thickness or the layer quantity. 
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