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Agenda
 Benefits and drawbacks of Wide-Bandgap Devices (WBDs)

 Design your own EMC filter

 Measurements with 2-port LISN
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Benefits of WBDs
 WBDs refer to transistors that use material with 

a wide gap between the valence band and the 
conduction band.

 Two main technologies: Silicon Carbide (SiC) 
and Gallium Nitride (GaN)

 SiC has the advantage of lower switching 
losses, higher power density and higher 
temperature compared to Silicon technology. 

 Commercially available SiC transistors achieve 
1700 Vdss and over 2000 W power.

 GaN have faster rise times, but transistors for 
sale are limited at 900Vdss and around 175 W 
power.
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Drawbacks of WBDs
 Higher switching frequencies push the 

spectral energy into the most difficult section 
of the conducted emissions band.

 EMC standards might consider lower limit 
lines due to the ever-increasing number of 
devices occupying the same electromagnetic 
spectrum.

 Most reference designs either:

− Do not show EMC test results 

− Admit making a WBD power supply that 
passes EMC is difficult and attempt a good 
layout, to have it not pass the first iteration. 
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Rise Time Concerns?
 Rise time dictates the envelope 

for higher frequency harmonics
− 100ns rise time = 3.18 MHz
− 10ns rise time = 31.8 MHz

 Fourier series
− Square wave is composed of an 

infinite number of sine waves.
 “Slow and steady wins the race”

− Higher switching frequencies
− Faster rise times
− Slower to market?
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Techniques – Conducted Emissions
 Conducted Band 150kHz-30MHz
 Differential mode 

− Can be filtered by using low-pass LC filtering 
techniques with cut-off frequency at least 1 
decade below switching frequency

• L - Differential inductance of common mode chokes 
(CMCs)

• C – X capacitor 

− Some CMCs include some differential mode 
attenuation.

 Common mode 
− Filter with CMCs and Y capacitors

6

http://sim.okawa-denshi.jp/en/RLCtool.php

https://www.we-online.com/catalog/en/MID-D11/
Wurth Electronics



Techniques – Conducted Emissions
 Baseline Measurements using 2-port LISN
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Common modeDifferential Mode

Measurements from Wurth Electronics internal test board and CREE SiC C2M0040120D (1200V, 60A, 40mΩ)



Techniques – Conducted Emissions
 Design your own EMC Filter Kit 744998
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Techniques – Conducted Emissions
 Choose CMC using 

REDexpert
A. Drag cursor to 

500kHz

B. Sort Column 
Decending

C. Select multiple parts 
to compare graphs

D. Choose the 10mH 
CMC because it has 
the highest 
attenuation at 
500kHz
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 𝑓𝑓𝐷𝐷𝐷𝐷 = 1
2𝜋𝜋 𝐿𝐿𝐷𝐷𝐷𝐷�𝐶𝐶𝑥𝑥

 𝐶𝐶𝑥𝑥 = 1
(2𝜋𝜋�𝑓𝑓𝐷𝐷𝐷𝐷)2�𝐿𝐿𝐷𝐷𝐷𝐷

= 1
(2𝜋𝜋�25𝑘𝑘𝑘𝑘𝑘𝑘)2�10𝑚𝑚𝑚𝑚�0.025

 𝐶𝐶𝑥𝑥 = 162𝑛𝑛𝑛𝑛
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Calculating X capacitor value
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Calculating Y capacitor value

 𝑓𝑓𝐶𝐶𝐶𝐶 = 1
2𝜋𝜋 𝐿𝐿𝐶𝐶𝐶𝐶�𝐶𝐶𝑦𝑦

 𝐶𝐶𝑦𝑦 = 1
(2𝜋𝜋�𝑓𝑓𝐶𝐶𝑀𝑀)2�𝐿𝐿𝐶𝐶𝐶𝐶

= 1
(2𝜋𝜋�25𝑘𝑘𝑘𝑘𝑘𝑘)2�10𝑚𝑚𝑚𝑚

 𝐶𝐶𝑦𝑦 = 4.1𝑛𝑛𝑛𝑛


4.1𝑛𝑛𝑛𝑛
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= 2.05𝑛𝑛𝑛𝑛



Techniques – Conducted Emissions
 Calculate X and Y capacitor values

− Cx = 0.15uF (890324023025)

− Cy = 2200pF (885352213015)

 L1= 10mH, 1A (WE-CMB S 744822110)
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Common mode

Differential mode

Filter Simulation in LTspice



Techniques – Conducted Emissions
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Conclusions
 WBDs Benefits

− Lower switching losses, higher power density and higher efficiency

 WBDs Drawbacks
− Higher switching frequencies have lower limit lines

− Faster rise times will cause more EMI above 10MHz

 Conducted Noise Mitigation Techniques
− Differential mode – LC filtering techniques with LDM and X capacitors

− Common mode – caused by parasitic elements on circuit board and filtered 
using CMCs and Y capacitors

 Have a large toolbox of options since multiple techniques might be 
required to pass EMC.

 JARED.QUENZER@WE-ONLINE.COM
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