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= Benefits and drawbacks of Wide-Bandgap Devices (WBDs)
= Design your own EMC filter

= Measurements with 2-port LISN




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 WE=

= 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 s 0w
spectrum. o

dBu

= Most reference designs either:

dBuv

— 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. T e



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

e 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
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= Baseline Measurements using 2-port LISN

. Differential Mode . Common mode
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Measurements from Wurth Electronics internal test board and CREE SiC C2M0040120D (1200V, 60A, 40mQ)



Techniques — Conducted Emissions

= Design your own EMC Filter Kit 744998

X-Capacitor

= |ncreases the differential mode attenuation

Discharge Resistor
= Discharge of X-Capacitor
= |mportant for safety

SMD Power Elements
= High current connection in SMD assembling

[
Common Mode Choke

® High common mode and partly differential mode attenuation

Y-Capacitors
= Strongly increases common mode and partly differential mode
attenutation, driving some leakage current to ground
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Techniques — Conducted Emissions

= Choose CMC using
REDexpert

A.

B.

Drag cursor to
500kHz

Sort Column
Decending

Select multiple parts
to compare graphs

Choose the 10mH
CMC because it has
the highest
attenuation at
500kHz

Rpe V' CMA @500 kHz
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REDEXPERT® CM CHOKES FOR MAINS POWER LINES APPLICATIONS HOW TO | < SHARE
TB Filters: lr=1.00 A W=15.0mm
= 7 Order Code Y series T Size T spec Vg Y e Y
System
&er
7446222007 WE-LF =S 250V 6.80mH  1.50A
C . 7446121007 WE-LF sv o 250V 6.80mH  1.00A
4 ( 7446221010 WE-LF MV e 250V 10.0mH 1.30A
i 2744821150 WE-CMB Xs [io 250V 5.00 mH 1.00 A
7446322007 WE-LF v = 250V 680mH  190A
7446222004 WELF MV m‘; 250V 420mH  2.00A
744822110 X 7446222007 7446121007 7446221010

Show Panel

Attenuation

WECMB - S

WE-LF - MV
10.0mH-1.00 A 6.80mH-1.50 A

WE-LF -5V
6.80mH-1.00 A

40dB

WELF - MV
10.0mH- 1304

200 mQ)

300 mQ

250 mQ)

220 mQ

160 mQ)

120 mQ)

744821150
WE-CMEB - X5
500 mH-1.00 A

53.1dB

52.4dB

52.1dB

51.7dB

51.1dB

50.3dB
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Attenuation

50dB -

304dB

2048

125 1.50kV 230mm  120mm  25.0mm

125°C  1.50kv THT 18.0mm  13.0mm  200mm @
125°C  1.50kv THT 230mm  120mm  25.0mm &
125°C  1.50kv THT 150mm  7.80mm  18.0mm &
125G 1.50kv THT 260mm  140mm  300mm &
125 1.50kv THT 230mm  120mm  250mm &
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Calculating X capacitor value

M f — 1
bM — 27-[\/LDM'Cx
] C — 1 _ 1
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Calculating Y capacitor value

1
fCM o Zﬂ\/LCM'Cy
N C — 1 — 1
Y @nfem)*Lem  (2m-25kHz)2-10mH
a Cy = 4. 1nF Lo _..D i +WL41¢J.F::&
« 22— 2.05nF -7 ‘}%Lfﬁ
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Techniques — Conducted Emissions W&=:

= Calculate X and Y capacitor values

— Cx=0.15uF (890324023025)
— Cy =2200pF (885352213015)

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

— Cy
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Filter Simulation in LTspice
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Differential Mode - BEFORE
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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 L,, 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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