ISSN 1975—8359 [Print] / ISSN 2287-4364 [Online]

https://doi.org/10.5370/KIEE.2023.72.7.001

The Transactions of the Korean Institute of Electrical Engineers, vol. 72, no. 7, pp. 001~008, 2023

The method of for analyzing EMI conducted noise analysis in power

conversion devices using partial element equivalent circuit modeling
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Abstract
EMI conducted noise is becoming increasingly important in power conversion systems, and various analysis methods are being
researched. The proposed method enables accurate EMI conducted noise analysis by extracting partial element equivalent circuits
from the 3D structure of power cables and PCBs, and the extracted model can be interpreted in SPICE simulations. The

implemented inverter operation mode of Totem-Pole bridge-less PFC in the EMI conducted noise analysis simulation model shows a
good correlation between simulation results and experimental results in all CE bands. Furthermore, this method identifies the main
causes of EMI noise through CM (Common Mode) and DM (Differential Mode) noise analysis, and proposes a method to

effectively attenuate EMI noise through CM coil modeling. Therefore, the EMI conduction noise analysis method using simulation

models allows for efficient prediction of EMI conduction noise in advance.
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Table 1 The characteristics of universal EM extraction techniques

Method FEM PEEC
Formulation Differential Integral
Solution variables Field Circuit
Solution domain TD or FD TD and FD
Advantages Complex Same TD/FD
materials model combine
circuit
Drawbacks Solve large lin. Computationally
system heavy
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Fig. 1 The PEEC model for 3D structural conductors
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Table 2 The power cable section schematic

Cable Real cable Modeling cable
Shape

Length 1000mm 1000mm
Conductor Copper Copper
Insulator PVC

Cross Ten

Section ‘ ey

raVal
Arca & &
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Impedance of Cable ot Ml

L ¥ nag2Putt Pt
100.0000 [

100000

10000

Name X [MHz] ¥ [1Ohn]
mt 50000 00004
0000Y | ma o000 0354
my | 500 643068
mé SL5000 | 1525510

0.4000

Magnitude [kOhm]

00010

0.0001 T
1000 10000 00

Freq [MHz)

a2 3 RIS USSRl e M Aolgel YuHA SN

Fig. 3 The impedance characteristics of a power cable without considering the

ground
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Fig. 4 The impedance characteristics of a power cable considering the ground
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Fig. 5 The extracted results from the PEEC of a power cable (SPICE model)

A Aol thx1o] At % QleEls Hro] Eahuly Aol
3 ojA) Ajolo] 714 AT AAE] FERE 1ol =
o AE7 A7) T hAS WEshA e A9 Aol

ol o ge Y 9 EE 31

N gm e
o
]

s
» =
o
in)
Ho
o ¢
fot
:?Ié
>
X
A,

Al2gl oA EMI Ak o] 5} 2}
th REQ A 5182 FAE Aye SPICE RYg F&E

of mYYe| g3 5 grk.

o]Eo] Exjo] PEECE 3

iy
) L
PO UIC)
filo
T
2
N
i)

3.2 PCB R&E 7YY
PCB 9] 5/d& ket PEEC Bdll SE3Pgol A siA e
= 2

=
A WA Fasith PCB RS HAsHs

KIEE



S~

87017 gk e Wk ohue} o AREE lskE
ol ek weha EMI A to]ze) Fg AR
siel Wl Wasich #a UE A4 ol
AR YN Zale] 2 T71E Aol e
w40] 7hssieh AR 2717t Bt A9 s
GEEL AUSE 7)1 AR A0l BEEA o
=717 W= kA 2kew siA AR solut
b 7148 /59 /o] =&Hh PEEC Rd®S 95t
I 7hseell thsliAe cheFel =RollAl AtElojtont CE of
150kHZ-30MHzOA= 20mm7Hd] 7o} 2712 SA|shw
S48 3mms} 27 Fol7} glcks AFATL LI
=Fo]| A= Totem-Pole PFCS] FR-4 |2 9] 6% PCB 7]
7hS At ® PEEC 22 Aaatgict. 19 62 PCB 7|9
Stack-up ARHE HojFo 19 72 AA| Layout AEE Y
itk Bl BHL 9l Fo Ae] B yEL 4

4
ws A AR

Mr

13
1o
ro

ol
S
£

N o
s rlo

o

U

iy

N
i
—M

rﬁ’.o

> (
oo
lo 2

P

ox
=)
)

N o5 o B
M
>
O

N

:::1

o

"=}
r E‘N #_

ﬂI

Lo

& &3] o) 2mm A2 PR f3
712k 10mm x4z AYSIGIEE 17 8 A4 443 PCB

RAEE Hojerh shdsre] ek 27] A48 AR 9
& ehe} A4 lzelH A5e) ol witolw AE <lg)
"0 B35t b7 Hrk 17 9% SPICE 29l 323 7}
YES] Bias srislRe] Auks Hojent

Color Mame Type Material Thickness

Soderbeski  Solder Mask Soldsrhlask |04

] e Sipal Coper | 12602060

Dielectric Dielectric FR-4 |10
=] wm E Coper =
Dielectric Dielectric FR-4 |5
[ E Coper =]
Dielectrics Dielectric FR-4 v |10
=] s Sanal Copper [ armoazsor
Dielectric? Dielectric FR-4 v |5
=] s sl Coper s
Dielectric3 Dielectric FR-4 |10
= soron sipal Coper B
Soderbsk1  Solder Mask SoderMask |04

12! 6 Totem—Pole PFC PCB Stack—up HE (65&)
Fig. 6 The PCB stack-up information of Totem-Pole PFC

12! 7 Totem—Pole PFC PCB Layout
Fig. 7 The PCB layout of Totem-Pole PFC
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Fig. 8 The PCB model with generated meshes
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Fig. 9 The PCB PEEC extraction result
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Table 3 The specifications for passive components

Passive MLCC Electrolytic Inductor
Components Capacitor
Shape

Company TDK Kemet TodalSU
Value 0.1uF 100uF 135uH
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Fig. 14 The Totem-Pole PFC PCB overall configuration
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Fig. 22 Comparison between EMI conducted noise measurements and simulations
(P-phase, N-phase)
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Table 5 The characteristics of common mode coil

Electrical Specification Value
Inductance 10mH@10kHz
Rated Current 3A
DC Resistance 105mohm
Turns 38

Material Mn-Zn Ferrite, G10A
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Table 27 The PEEC modeling of common mode coil
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Table 28 The integrated simulation model with common mode coil (ANSYS
Twin builder)
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%F H|_l)
Table 29 The common mode noise characteristics and EMI conducted noise
characteristics (The comparison of the effects of common mode coils)
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