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PCB Grounding in Power Electronics UF i8RiA
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1. Common Ground Impedance Coupling
2. DM power currents transferred to
common mode (CM) voltages

No common ground impedance coupling
(may still have mutual couplings)
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Outlines UF i8RiA

—

. PCB Ground layout of multi-stage EMI filters

2. Radiated EMI due to PCB ground layouts in non-isolated
power converters

3. Radiated EMI due to PCB ground layouts in isolated power

converters
4. Radiated EMI due to PCB ground layouts and differential

mode EMI noise
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PCB Ground Layout of Multi-stage EMI Filters

[1]1 S. Wang, Y. Y. Malillet, F. Wang, R. Lai, F. Luo and D. Boroyevich, "Parasitic Effects of
Grounding Paths on Common-Mode EMI Filter's Performance in Power Electronics Systems,"
in IEEE Transactions on Industrial Electronics, vol. 57, no. 9, pp. 3050-3059, Sept. 2010.
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PCB Ground Layout of Muti-stage EMI Filters UF 5
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CM Capacitor’s Separated Grounding Technique P
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Radiated EMI due to PCB Ground Layouts in
Non-isolated Power Converters

[2] J. Yao, S. Wang and Z. Luo, "Modeling, Analysis, and Reduction of Radiated EMI Due to the Voltage
Across Input and Output Cables in an Automotive Non-Isolated Power Converter," in IEEE Transactions on
Power Electronics, vol. 37, no. 5, pp. 5455-5465, May 2022
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Modeling of Radiated EMI due to Asymmetric Power Interconnects ..o
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Modeling of Radiated EMI due to One Power Connect
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Identify Radiated EMI Noise Source in Non-isolated PEEI'BI

Power Converters

UF [FLORIDA

1. PCB ground impedance between the input and output
2. PCB ground impedance carrying discontinuous switching currents
3. The voltage drops on the PCB ground impedance transfer the DM EMI to CM

voltages driving antenna

Buck-Boost Converter
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wn

Z;\p1 is between the input
and output

i, is discontinuous

Voltage drop drives input
and output connections for
radiated EMI

Identified critical PCB
ground layout

PinGND
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Radiated EMI Model piel

UF [FLORIDA

r g
vuﬁ

Ground layer impedance is significant at HF

1 ¢ | ® %
T, /
ZGNDZ

p SW
1 dv/dt
/ INGND i |
el 0 \ ( 30 100 500
__________ —1_ . :t.-n: f/MHz
) S T | |
C;i | |
ZGND1 P A \ EN/DIM|@) ok
Pingnp + -
V 30 100 500
GND1 £/MHz

Veno1=11 Zonp1

JjXs JXa
EMI Source Power Connect

11
Shuo Wang @University of Florida, 2025 Antenna



Ll

The Predicted Radiated EMI Matches the Measured i)
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Reduce Radiated EMI by Reducing PCB Ground Impedance —W
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Original layout With the inductor arrangement improved to
reduce the ground layer impedances
Improving the layout for O O
reducing the ground layer ;m New L.

trace length and parasitics ‘g% _ ﬂJu
) LED-I-

%

N
J"Il BE e

N mﬁg #’ﬁ Q-

IMNBR?M

‘"Il 88 AR R
LED

il

ﬂlﬂuwnc

EN./DIM O]
EN./DIM|[O)

When the
length IS
500 reduced by

75%, the

< o - inductance —3

7 B e 1 is reduced

A~ ool S by 86.6%.

30 100 500
f (MHz) 13

Shuo Wang @University of Florida, 2025



Radiated Noise Reduction with the Improved Layout
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Reduction of the radiation excitation voltage Reduction of the radiated EMI
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Summary: The radiated EMI is reduced significantly (>15 dB), which
verifies the analyses of the ground layer impedance and the inductor
arrangement improvement.
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Reduce Radiated EMI by Adding a Cross Capacitor "mr
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Extending the Techniques to Other Topologies poet]
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Boost Converters Buck Converters
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2. lgnpq IS continuous (for CCM), I\ p, IS 2. lgnpy IS discontinuous, lgyp, IS
discontinuous o continuous (for CCM)
3. Voltage drop on Zg, drives input and 3. Voltage drop on Z;,, drives input and

output connections for radiated EMI
4. PCB layout should reduce Z;,,
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output connections for radiated EMI
4. PCB layout should reduce Z;,p,
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Radiated EMI due to PCB Ground Layouts in
Isolated Power Converters

[3] Z. Ma, S. Wang, H. Sheng and S. Lakshmikanthan, "Modeling, Analysis and Mitigation of Radiated EMI Due to
PCB Ground Impedance in a 65 W High-Density Active-Clamp Flyback Converter," in IEEE Transactions on Industrial
Electronics, vol. 70, no. 12, pp. 12267-12277, Dec. 2023, doi: 10.1109/TIE.2023.3239904
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Identify Critical PCB Ground Impedances in A Flyback Converter UF s
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Which PCB layout impedances are important for reducing radiated EMI?
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Radiation Model w/o Considering Ground Impedances for PE"'BI

UNIVERSITY uf
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Analysis of PCB Ground Impedances for the Radiated EMI in PE"'BI
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Flyback Converters L

1. Z;; is not important since itis in
series with the high impedance of the

Zou Zgg . ZHG Z Zsg CM inductor
:I-—-l - ; 2. Z,; is not important since itisin
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Vo () /{/ Z'y—cap impact Vs due to Y-cap.
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i | I

to reduce radiated EMI (for the 2’
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G is the BEST
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Radiated EMI Model UF 5
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1. BothV,; and Vg, can lead to radiated EMI
2. A smallerimpedance of Y-cap can help to reduce the radiated EMI
due to V¢,, but it cannot reduce the radiated EMI due to V.
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Impact of Y-cap’s Layout on the Radiated EMI el

FLORIDA
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Forward Converters
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Two-switch Forward Converters
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Half-bridge LLC Resonant Converters
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Radiated EMI due to PCB Ground Layouts and
Differential Mode EMI Noise

[4] Yanwen Lai, Yirui Yang, Qinghui Huang, Shuo Wang, Zheng Luo, “Modeling, Analysis and Reduction of Radiated
EMI Due to the Pulsating Voltage on PCB Ground Plane in a Non-Isolated Power Converter,” in proc. of 2024 IEEE
Energy Conversion Congress and Exposition, Oct. 2024.
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A New Radiation Mechanism UF 5
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Reducing the Distance between the PCB and the Ground  ;p..0.
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1. The image under the ground can cancel the radiated EMI
2. Reducing distance between the PCB and the ground can reduce
radiated EMI

3. Something on PCB therefore generates dominant radiated EMI
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PCB Ground and Input Power Trace Layout
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We have Identified A New Radiation Mechanism Recently ...

_V
Vi=V y Ztrace SW + Input trace

o - —— —II - } I il » -
Ce Cf

VG' =_VDM Zgnd

Antenna 1

+ -
50i,y VDM 50i,,,

//////////////////////////////////////// ’
1

. Input trace and GND both are antenna
2. The radiation due to single wires in the cable is
canceled since the two wires carrying inverse
voltages and at the same location
3. The radiation due to Input trace only cancel very
small amount of the radiation due to GND
4. The radiation from GND PCB plane is dominant
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Validation of the Developed Theory
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Reduce Radiated EMI by Increasing Input Trace Area UF S
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Reasoning:

Bigger input trace can better cancel the radiated EMI due to PCB GND plane
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Reduce Radiated EMI by Moving a DM Capacitor to the Input UF s
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Q&A

Note: Please cite our work/papers when you publish or share the related work, it
is very important to us as it means respect to our contributions
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