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GaN/SiC Transistors— Fight or Flight?
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About Us

Dr. Yegi Bonyadi currently works as Electronics Team Leader at Lyra Electronics Ltd
(https://www.lyraelectronics.com ), where she focuses on the design of automotive high-power
DC-DC converters, on-board chargers and cost-effective EMC design. Her interests include power
converter design, automotive power inverters, Hybrid/electric vehicles, power electronics
modelling, and Wide-Bandgap semiconductor power devices.

Dr. Min Zhang is the founder and principal EMC consultant of Mach One Design Ltd
(www.machldesign.co.uk ), a UK-based engineering firm that specializes in EMC consulting,
troubleshooting, and training. His in-depth knowledge of power electronics, digital electronics,
electric machines, and product design has benefitted companies worldwide. Zhang can be
reached at info@machldesign.co.uk
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Outline of the Workshop

- EMI Challenges Unveiled

- Demystifying EMC Part 1: Finding Your “Ground”

- Demystifying EMC Part 2: Patristics & Coupling

' - Effective EMC Testing Part 1: The Benchtop Approach
- Effective EMC Testing Part 2: The Chamber Approach
- Design Strategies for Achieving EMC Compliance

- A case study

- Q & A Session
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GaN & SiC Transistors — Typical Applications

- Mobile phone/Laptop chargers
- Home appliance motor drive applications
- Wireless charging for phones/laptops
L _ LIDARSs
- RF Amplifiers
GaN Charger 108W, Belkin, Source: Apple.com

Industrial/EV motor drive applications

Solar inverters

High power & high-temperature applications

RF and microwave applications (typically, Military applications)

Lyra’s 22kW SiC Bi-directional On-board Charger

. W, Z LyYrn
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- High dV/dt noise, for example, motor drives,

N ew Ch d l | en 865 DC-DCs, and On-board-chargers
- High dl/dt noise loop, e.g. motor drives, DC-DCs

- Galvanic isolation provides a safety feature, but
the transformer cannot block high-frequency
radio frequency (RF) signals

Overshoot voltage depends on the design

Vear, typically 400V-800V

Y-Caps_ B ¢
[ ] .
—W— | | N 12V
- ; - <1
— 0 — | § ¥
7 = ﬁ(m_[”f ? %
Chassis Ref ; N .
| i I\ I\ §
D 3 3 o~
HV- ; ; 1 ™
HV- Bus g = OVReHigh di/dt current loop
Multi-stage Input Filter Boost Converter Phase Shift Full Bridge ESync Rectifier Output Filter

Simplified Schematics of a DC-DC Converter
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Need for Speed?

7R8f 86.99 dBuYy QAtt 0.00 dB
\ 77 ]
st
608V, 120kHz, 5 ns . ol 00T T
L\ My \T
680V, 60kHz, 10 ns tie 57 ’H‘ H \ i * I
47 I ‘
300V, 30kHz, 20 ns te | fi |
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7
3 Near-field measurements of various switching events
-13
Start 150.000 kHz Stop 300.000000 MHz
QRBW(-6dB) 9.000 kHz VBW 100.000 kHz SWT 43.60 s
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Conducted Emissions - The 10-30 MHz “Hump”

Common mode equivalent circuit ~ Choke self capacitance Supply under test

Mains cable = 1 yH
YN

Measurement
25 Q25 yH

N ! I~ P - - .~ . . ... . Time domain, both channels

co20p ke |EN S BRNE ey select 50 ohm input impedance.
5 S SSS e

s - -

=
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75T CISPR 16 Class A CE Voltage QP
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”\“Mt B injected into the heatsink

55T
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20T

t +———+—+—+—+— t +———+—+—+—+—+ t { Power
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EMC reference

Front end
including the
“boost type

converter”

Conducted Emissions - Low-frequency Common Mode Noise

B T . .
PE
DC+
DC-
Metal Cabinet

Parasitic capacitance [
¥ Heatsink TERVAREN LT IPIRE
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Radiated Emissions — Cables as the Main Radiators

— QP — AV
— Reg 10.05 Annex 7 - BB Reference Limits (QP) — Reg 10.05 Annex 8 - NB Reference Limits (AV)

80

rad_a_qp

70

60

jz Mt *'t Mm“h val 'Fﬁn. A
f v f | .

2 MWV%W?W v | MA,‘A

Radiated Emission Test Result of an

Automotive DC-DC Converter

Level dBuV/m

20

1

o

o

-10

-20 !
30 100 200

Frequency MHz

Radiated Emission Test Result of an Industrial
10 Motor Drive

A Typical Radiated Emission Set-up for Automotive EMC Testing

‘ _ @ LyYrn
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Going Beyond Meeting Regulatory Requirements

vvvvvvvvvvvvvvvv

[ph =1 fundamental +1 harmonics + 1, switching + 1 transient

- The fundamental content depends on the motor speed.

| .M e - Low-frequency noise (kHz - 10s of kHz range) arises from
r\ i f '"r. the lower harmonics content of the current waveform.
%
A / Mr

{w = ‘ 'Y'vw -t - Broadband noise (30-300 MHz) is generated due to the
- w | - ]

fast rise time of the switching devices.

- High-frequency noise (>300 MHz) results from events such
as reverse recovery charge of a body diode or occasional

electrical breakdown caused by bearing current in an
electric motor.

.............................................

MT10.Ums

A highly distorted current waveform of a motor Insulation Breakdown, Bearing Lifetime, Sensor Inaccuracy, etc ->
(sources: Rockwell Automation) Functional Safety?

i OMe
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What shall we do?

Solution Confidence Factor

100%
It will work

50%

® ® @

Design, Develop & Pray Filtering & Shielding, the More, the Better. Identify, Locate & Solve

_ WA
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Demystifying “Ground” |

Frequency Distance

| lectromagnetically
speaking, almost like

S AN 100z R B o

o — . . | l across the country.
i Telegraph / Register :
. Really Long L e As a rule of thumb, if the
device you are
<+> Telegraph Line ransmitting electric
P\ signals across is larger
5 i han 1/10 of a wave
: £ XILINX
LKy [T i : SPARTAN¢ ength, then you need to
\V4 \V4 e T start thinking about

F4310423A

4C

ransmission line theory.

e e e AT . T BT

‘ ‘ PHILIPPINES "

An FPGA chip on the PCB
A telegraph system that Samuel Morse built

v i - . 2
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Searching for a “Quiet Ground”

- Often referred to as “Reference Ground Plane”

- Made of copper, brass, bronze or galvanised steel, the ground plane is the top metallic surface on the test bench/table
and electrically bonds to the walls or the floor of the shielded enclosure such that its DC resistance does not exceed 2.5

mQ.
- Conducted emission is to measure the noise with respect to the “reference ground plane” or “Ground plane”.

The quiet “ground” ?

/ For automotive applications, the “ground” is the

Where is the “ground”? ~— The RF reference point ? negative e_nd of the 12V battery, which is connected
o the vehicle chassis.

\ The earth?

0V, which? | O . .
| 1000V, 800A LISN §
- P el — i
200"8"°

ﬁ
-

A popular mili-ohmmeter used for
checking the continuity of the ground
plane and LISN connections
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The On-Board Charger “Ground” Puzzle

L1,2,3,

Insulation .
Test GND Plane

Test GND Plane

Component test - The test ground plane is connected to the 3-phase LISN, with
the PE wire connected; eventually, this ground plane is connected to Earth.

Vehicle chassis

Test GND Plane

Vehicle test - Very similar to the component test, but there is no electrical
connection between the vehicle chassis and the test ground plane.

The vehicle chassis cannot be compared with a test ground plane (in terms of
conductivity) either.
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The Return Current Path

Wave propagation Wave propagation

- Wave propagation

_\ Wave front - —

\ Wave front
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Cabinet wall

Common “Ground” Issues

—— Center conductor extends l
C outside the shield l T

oV

Ground plane break Conductor extends outside the shield Wires penetrating into an enclosure
- Ferrite/Magnetic core has no improvement in emissions.
- Capacitors to chassis (common mode caps) make no difference/make things worse.
- “Balloon effect”
- Ineffective shielding

- Susceptible to immunity issues

Vi A : (OIS
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We Need One Ground and One Ground Only

. ) Ref 66.99 dBuVv Att 0.00 dB
On-board shielding i 67
Spring fingers 10ds
57
Free 47 |
LgPwr " i | am ll IIL In
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; | | u FQ
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mmm s T
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23 Connectingrthe-Grounds
A continuous, solid ground planes on the PCB Via fencing surround the PCB ~ )

-33
Center 150.075000 MHz
RBW 100.000 kHz 100.000 kHz
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Coupling Mechanism

Emitting “antenna” structure Receiving “antenna” structure

T~

Conducted
(e.g. on supply)

Source: T. Williams “EMC for
Product Designers”




Near-field coupling: Magnetic Field/Inductive Coupling
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Near-field coupling: Magnetic Field/Inductive Coupling

Wire 1 e—p

- Two conductors represent two parallel run wires,
traces over a PCB, etc.

- Ignoring the capacitance effect in this example.

- |, represents the noise source, in this case, it is a
current source.

- What is the induced interference voltage on 7, ?

A

Expertise Propels Excellence



Near-field coupling: Electric Field/Capacitive Coupling

/ | | Parasitic Capacitance
B ™ R— —

P | F —<

| |




Near-field coupling: Electric Field/Capacitive Coupling

- Two conductors represent two parallel run
wires, traces over a PCB, etc.

- Ignoring the inductance effect in this example.
-V, represents the noise source.

- What is the induced interference voltage on
Z?

V —cdvl(z 112)
n - dt S /

. \_/ « LyYrn
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Understanding Coupling and Parasitics

Heat sink % |
(0 é I é
. Resolver (angular position sensor)

— Interwinding cap
& 1

J_ T < Rotor
T

% Cable
M\

ESR % D—|'%
Heat sin _[ =} 0

Stator to rotor cap

== | | m )
! i T @Bearing

< Stator

1
—

Y —
Y
|
s
8B E
nn
—IH
Hﬁil—

[— D—[ ' % <1 Metal Frame
Coolant — 4

7777
Chassis ground

Heat sink
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Understanding Coupling and Parasitics:

—p—— Differential mode
—p— Common mode

Y

- : o) Parasitic capacitance
* / .’ \ i £ 1 p
JpF La¥ gt
O— T > ,L“'M
. J, Vv ¢ > L
. 2/ a .
Or= _p¥ LAF ¥ ;
--.-“- \ / C s ..:_. _1‘:
: . = Shomthoosen | ! ;

Vi A = () &
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Demystifying Common Mode Noise

Transmission line N

° Vi
Transmission line VAN | % Energy consumer
Energy storage °
L

% Enerngy starage

Energy storage

| ‘g 230vac N

)2

— Common-mode current cd —I I— _|
: T The load could be a noise
L | | ( source, such as an electric
T T motor drive circuit
———————
N
T T N
- 1
— "] C There will be common-mode
1 T voltage, Vcm
—
Parasitic capacitance to
230Vac earth
N

\ i - . >
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Using RF current probes

Freq..74.53 MHz Freq.—

i v, [_E‘]\" 9r% Chix == :
Forward common mode current and return current

‘ _ @ LyYrn
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Measuring the Common Mode Noise

Receiver
Receiver ® RBW (EMI) 0 kHz ™
@ RBW (EMI) 200 Hz W Input 2 DC @ Att 10dB Pi
Input 2 DC @ Att 10ds_P T dBLV
Level dBpVv H u
-4 '
i Controlled by EMC32 Scan O1Av C
Controlled by EMC32 Scan Q1lav Cl
70 dBLv
70 dBpv
60 dBLV
60 BV
50 dBpv
50 dBpv
40 depv
40 dBpv
30 depv - | o2
20 dBLv =1
20 HBpv
10 dBpv
1C dBpv —_
0 depv
410 dBuvEE ‘i
y -10 dBpv:
-20 dBpv g
T;tart T Start 9.0 kHz
C X T
. Date: 16.SEP.2022 15:45:35 Date: 16.SEP.2022 15:44:16
» b £ ,: SN € Sy
: ) (@) when the OBC was off (b) when the OBC was on
Measuring surface currents on the A home-made resistive probe
vehicle chassis The surface noise was measured in the low-frequency range
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Understanding Coupling and Parasitics: The Key to Designhing
EMC Filters

A magnetic flux band

Flat-wire winding on a
around the transformer

Bifilar winding on a sectional wound CMC

toroidal core Mair

Front-end filter converter

Inrush-limit

Fuse [zi
Live ——N P M_ v
Mov%g L D |La 7 88
Neutral I |
T 100pF " Hv-

Shield <

A simplified isolated power supply circuit using GaN devices

* \_/
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Benchtop EMC Testing

EMI can no longer be an after thought!

- CISPR 25 Automotive EMC standard
- Conducted Emissions: 150kHz-108MHz

- Radiated Emissions: 30MHz-2.5GHz Lyra’s 4kW SiC DC-DC Converter

Conducted Conducted
Very low frequency | CISPR 25 low frequency

I Radiated
I CISCPR 25 rod antenna
1 150 30
kHz kHz MHz
N Y

() >

Conducted
CISPR 25 high frequency

Radiated
CISCPR 25 bicon antenna |
108
MHz

Expertise Propels Excellence

HV battery
800V/400V

E i n

— LV battery
Bidirectional 24V/12V

LyYrn

Radiated
CISCPR 25 log antenna

200
MHz

o *of

LV

1
GHz



Table 1. CISPR25 Class 5 Peak Limits for Voltage

C | S P R 2 5 Te Stl N g I\/I et h Od S Method and Current Probe Method

Frequency Voltage Method | Current Probe Method
(MHz) (dBuV) (Converted to dBpuV)
. 0.15 to 30 70 84
e CISPR25 defines two methods for conducted
. ) 0.53t0 1.8 54 60
emissions testing:
5.9 10 6.2 53 53
e Current probe method
76 to 108 38 38
* Voltage method.
26 to 28 44 44
* Both methods can be used to determine if the 30 to 54 44 44
device under test (DUT) passes or fails the 68 to 87 38 38

emission test limits.

* Test method is defined by the OEM
re q u | reme ntS . Current measurement

across a resistance of 50 Q

I s38dBuv 79.4uv 1588nA This is the limit for a 48-12V DC-DC which often has a
S power of 700W. But it is exactly the same limit for a

=TT 25dByvV  17.8V 356 A 600V-12V DC-DC which has a power of 3kW, same limit for
18dBpV  7.94pV 159 nA an electric motor whose power exceeds 250 kW.
Wﬂ, -
108MHz
\ i - . >
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CISPR 25 Conducted Emissions Test Setup

Side view
Test harness 9
- & EUT 3

Power AN — @

Supply - l 7] ‘ I‘

5 Ground plane

Top view
+200
= 200 0
) | 6
Power —* AN *—
6 EUT
Supply : @
7
Load 13 §
Simulator =
g..... s

10 Shielded enclosure

Measuring
Instrument

7 Low relative permittivity support (¢, < 1,4)

8 High-quality coaxial cable e.g. double-shielded (50 Q)

EUT with power return line locally grounded
[1]CISPR 25:2016 © IEC 2016
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CISPR 25 Radiated Emissions Test Setup

Top view (horizontal polarisation)

=621 N
Front view
Key
1 EUT
2 Reference ground plane
3 Low relative permittivity support (¢, < 1,4)

thickness 50 mm

4 Ground straps (see 6.2.1)

5 LV harness

6 HV lines (HV+, HV-)

7 LV load simulator

8 Impedance matching network (optional)

9 LV AN

10 HV AN

11 LV supply lines

12 HV supply lines

13 LV power supply 12V /24 V /48 V
(should be placed on the reference ground
plane)

([~

Expertise Propels Excellence

Additional shielded box

HV power supply (should be shielded if
placed inside ALSE)

Power line filter

Fibre optic feed through

Bulk head connector

Stimulating and monitoring system
Measuring instrument

High quality coaxial cable e.g. double
shielded (50 Q)

Optical fibre

Biconical antenna

RF absorber material

50 Q load



Measurement of Conducted Emissions with LISNs (CM & DM)

e Spectrum analyser cannot distinguish between differential mode and common mode noise.
* CM/DM discrimination network can be placed between the LISN and the spectrum analyser to
separate the differential mode voltage and the common mode energy.

120

I E——— 1 i L Jr—~
- = <L ISN-measurement
+ 100
-CM
LISN EMI FILTER swps | 3 - -DM —
= N 3 | y
: 2 7 i e

LT T ‘ I e v SRS e e A [
= 30 \MWM ’
CM

» r - 20
9 ~ - . - N 4 oS
Visvae-o) CM/DM Vou 8 = Basss)
= ¥ = e
» - . - - [~ —/ | 10
/ AT . 3 “ 7 a 55 Eaat) MW
Viisvev-c) A Discrimimation | V., X SKL SCH ¥ ” u »
Network y V‘jo 00e O 00 BoS T 100.000 MHz  111.680 MHz
. L P - - Y Y ) ) ] MR
SpCC(l'l im Anal_vzcr . | Undo Zaom | CIr Chart | Cir Traces | CIrAll | CIr Zero | Displ. Peaks | ClrPeaks | ClrHarm. | (/] MaxFilter Harm Magnify Show Pk# ZoomY Axis (V] kHz/MHz

K. Y. See, “Network for conducted EMI diagnosis,” IEE
Electron. Lett., vol. 35, no. 17, pp. 1446-1447, Aug. 1999.
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Current Probe & LISN Measurement

e Current probe method and the voltage method yield very similar results in lower frequencies,
below 5 MHz.
* Difference in results in higher frequencies, above 5MHz.

=1 -LISN measurement
| -Current probe
§ L N
) MWM =
SE:VW 12 13 14 15

[} ' —
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Current Probe vs LISN Measurement

°°\ | Current
I Probe

: \ ! rl
. \ M
@ 70 f : H
> i Illl

d (d fm, dBpA)
5 3 3
i —
-
\ |
e
\ n=p=c
i Cﬁ-—_{___
T
-
-
—t
15
==
L___""_T_—w—- .
——] 3
:"—___
: —_— \
%'__
f —\

150 kHz 1.000 MHz 10.000 MHz 100.000 MHz




Using Current Probe Results to Predict Far-field Emissions

Estimated Tme Remamning Tme VBW Rale
Set2  00:07:09 00:04:05 auto ‘* 13

| Copy C

3 ..

87.386 MHz * 42.08 dBpV/m 10.00 dBpV/m Chart

—
]
o0
@

S0

T I
> - ~'Y~ #‘r "i‘“\
y M\A::}"'\uwﬁﬁ‘ /V
5 10 —RF current on cable prediction
: —Far-field measurement using an antenna
- Using an RF current probe to measure 2
common mode current, far-field emission can | 4 ‘ 3 I ——
therefore be predicted to a good accuracy

A ' [~

Expertise Propels Excellence



Design Strategies — EMC Planning & Management

« Trouble-shooting Flow

Schematic Layout Mechanical Testing

ll{ {;lf,;: {

Requirement Concept Component Schematic Layout

Design Fl . :
E{> R Pre-compliance Testing Starts T

v i - . (>
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Design Strategies — DC Link Design

Front drive \/ Rear drive

- Does my DC Link has the least impedance (i.e.,

the smallest loop that | could achieve)? side board, and the switches
were on the bottom.

i A s (IRl LY rRnA
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Design Strategies — Switching

Mach One Design SPICE Sim Model . .
Estimated 10 nH induct - = =
Eelmated 10 nH Inductance  ecage. R P B s o 20 nH loop inductanc, including 10 Through hole or SMD? - That is a question
caused by the long lead of the device
IRFP4468PbF b Zo ™ plus 10 nH of PCB tracks to the . .
ikl e/ ] electoytccapacior - Soft switching or hard?
R3
1% |[Voss 100V £Lct 1
‘,/ Rosion) tYP- 2.0mQ 48 —18m

e 2 max. | 2.6mQ a\z
1 " ||lo (siicon Limitesy | 290A ® /
s _||lo (Package Limites) |  195A

o ) p Y\
& w = v
s £\
o’ Y, ”1
F 10k
T0-247AC

Source: Infineon (International Rectifier) ‘

- Snubber?

- ZVS control?

- Spread spectrum or not?

InF parashi capacior ofthe device - Covering the switch node with shielded

. . N , based on its packaging and layout
Comments: We often prefer SPICE based simulation as it is quick to build,

can run very fast and leads to good understanding of the circuit behavior. | n d u Cto r |f a p pl ica b I e

This is extremely useful for troubleshooting as can be seen later.
Unshielded - Not suitable

Loop inductance L2 U

[‘ — 20nH 14T
70 _— 10 nH __ e j

/ — s ;
. f/\ % = i 774 3

g% [ \ Radiating antenna!
50 A
-
\J\ / = =0 oV

“0 Vi g Coil with E-shield

8.45 8.50 8.55 8.60 8.65 8.70 8.75 8.80

Use shielded inthtor to shield the Switch Node °

v t . ([~
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Switching Frequency and Speed

ﬁ 400V N 800V

; S : . S . . :350\, — v 5700V
= Without snubber | S |
[} S L o L . . S . 300V — :

o0 J : : : () 600 v
B. : . : . o . . . o 00 3

° : : : g : 500 v
> (e : :

8 i 400V
- . .

=1 8 . §OOV
3 3 : |

f wv) : 200V
= é : :

© R = v

= © 100V
a ; :

B S T ov

os 20ns 40 ns 60 ns 80 ns 100 ns

Time (ns)
* Snubber damps the resonance of parasitic components
e Reduced ringing impacts EMI at the ringing frequency
* Spike killer noise suppression device (very lossy).
e Reduced slew rates impact EMI roll-off in the 30- to 200MHz band — effects efficiency

. \_ ¢ LyYrn
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Design Strategies — Filtering

Tdk EMI ion Fil
EMI Suppression Cap suppression Fim caps

i i i
111 L - | M- J] 111
111 s [ w11 111
111 . 11 111
AU TTT I1 AU TTT
Chassis Ref 1 III Chassis Ref 1 II Chassis Ref 2 III
111 11 111
111 11 111
/ ChassisReff ,EV
Chassis Ref 1 Chassis Ref 2

The input filter configuration in a DC-DC module used in Audi Eton - HV, current rating is not high.

It is easy to make a single-turn two cores (perhaps four cores)
_f‘ _ configuration. Put positive and negative on adjacent layers on the
"7 7%  board, you can use wide track or plane and then it’s a bit like
winding a bifilar winding, all the magnetic field then flows in the

small gap between the two planes and the only remaining flux is
the high frequency common mode noise, and all you need to do is
to put a core through the board or around the board.

The output filter in a DC-DC module used in Tesla Model S - LV, current is more than 200 Amps

v Y - . 2
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Design Strategies — Grounding and Shielding

A seam is just another
aperture

surface roughness or bow (exaggerated) prevents electrical contact

\ compression stop
: HF Model ‘ I
e Environmental seal outside,

conductive EMI gasketinside | .

Mating surfaces conductively treated to ensure
electrochemical compatibility with gasket

Confidential

e,
g
14
=
o/

Expertise Propels Excellence



Design Strategies — Active Filtering

L i e i Lemz
= 3x22pF o~ Passive filter circuit 3x2.2pF o 3x22pF
TCx1 4mH =Cx4 4 mH =Cxz
apl2 . o L :
3-$AC BE L 1 AC/DC
source T Cxe P =Cxs prmpy =Cxe e st
+c =Cc £c
- N X3 % X6 . X9 )
CVi_CYE_CVﬂ_CYEL CYL_CYE_CYE_CYil /J7
4-6 times 4-6 times
lower Sl lower A=Ak
inductance inductance
\/
LCM1 i i i LCMZ
= 3x22pF o Active filter circuit 3 x22uF PN 3x22pF
=Cx1 =Cxa =Cx7
oL o~ | 075 mH 0.75mH|
3-9AC L Cyo Lc L Cxs Acipc
] e Ceas x5 aas regulator
TCxs TCxe TCxo
gz I oYY l hd Chassis
/J7 |Csena| | | Cesemt \ Ciny Cv1| Cyz| Cva| Cva| /J7
Cseng Csenz Co Re T T T T
4 x 680 pF
{ | /J7 4x4.70F
COMP1 COMP2
SENSE1 INJ
A
SENSE2 K Dy
TPSF12C3
SENSE3
SENSE4 VDD
REFGND IGND

7

Figure 1-1. Three-Phase, Four-Wire Passive and Active Filter Schematics

Source: Texas instruments,
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Case Study: EMI Reduction on the HV Line

Since unshielded cables were used on the HV line, the focus was to design a multi-stage front end filter

Improves Improves low Improves high
emissions in frequency frequency

HV power PCB
the FM band performance performance

PADE " . l =
(,l_L "

2.2nF Xl,‘YlT

SO0uH 10A
ALT BUILD

2A0DE £

—| "™ Wires connection

IPHQAS'ES 205SNL

i A = () ([~
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Design a Multi-stage Filter PCB

HV connector HV POWER PCB
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Chamber EMC Testing: Conducted Emissions

10 Shielded enclosure

easurin
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Conducted emissions analysis: the HV Line

—QP — AV — PK

Table 5, BB, Class 3 (PK) Table 5, BB, Class 3 (QP) Table 5, BB, Class 3 QP (QP) QP — AV PK
Table 6, NB, Class 3 (AV) Table 5, BB, Class 3 (PK) Table 5, BB, Class 3 (QP) Table 5, BB, Class 3 QP (QP)
Table 6, NB, Class 3 (AV)
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Frequency MHz

Switching frequency of the converter (50kHz) and its harmonics are the main
frequency contents in the low frequency band

v i - . (-
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Conducted emissions analysis: the HV Line

— QP — AV — PK
Teble 5, BB, Class 3 (PK) Table 5, BB, Class 3 (QP) Table 5, BB, Class 3 QP (QP)

Teable 6, NB, Class 3 (AV) QP AV PK

120 — Table 5, BB, Class 3 (PK) — Table 5, BB, Class 3 (QP) ~ Table 5, BB, Class 3 QP (QP)
Table 8, NB, Class 3 (AV)
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Level dBuV

Level dBuV

"% Low voltage — High current LISN P High voltage LISN

-20
-30 I -30

40,
30 100 108 '4030 100 108

Frequency MHz Frequency MHz

The conducted noise in this region will cause radiated
emissions issue as the cables act as antennas.

([~
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Improved Result: the HV Line

Level dBuV

— QP

120

— AV
Table 5, BB, Class 3 (QP)

— PK
Table 5, BB, Class 3 (PK) Table 5, BB, Class 3 QP (QP)

Table 6, NB, Class 3 (AV)
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Frequency MHz

Without HV filter
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dBpv (dBuV/m, dBuA)
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EMI Reductions on the LV Line

* Due to very high current on the LV line, we could only apply capacitors between the
LV rails and the vehicle chassis.

* The key is to limit the impedance caused by the connections.

e Parallel MOSFETs

e 3x 1uF capacitors for each half bridge

v ry - . (
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EMI Reductions on the LV Line

* Due to very high current on the LV line, we could only apply capacitors between the
LV rails and the vehicle chassis.

* The key is to limit the impedance caused by the connections.

e Parallel MOSFETs

DC+

T [ Lo 1
s 100nF, 0402 o oo Lges s
"H  1nF|0402 | 1ue|osos Ng18 MR as Tf7 o T““ o
- 89 C39p 91 % j_l?‘S% _LESE
Jt} ,

O . .

or P805 - .
T‘?u? X7R T%u? X7R T‘?u? X7R
DC-

/

* Use low ESL and ESR capacitors

 MLCC capacitor bank - Cover wide frequency band
* Avoid resonance - Damping

e Parasitic components increase with package size

v i o ' (-~

Expertise Propels Excellence



Level dBuV

Improved Result: LV Line/High current

— QP
Table 5, BB, Class 3 (PK)
Table 6, NB, Class 3 (AV)

— AV — PK
Table 5, BB, Class 3 (QP) Table 6, BB, Class 3 QP (QP)

l
I

(AT
||||u|'|'|l| I
“‘.; ) L)

Frequency MHz

Before

30

dBpV (dBpV/m, dBuA)

dBm
dBpWw
| dBuv

AV 4

vement

»20dB impr

AV

3 4 5 6 7 8 9101112 13 14 1B
a 4 a a4 a a 4 4 a

4494

0
150 kHz

Expertise Propels Excellence

1.000 MHz

After

10.000 MHz 100.000 MHz




Software Switching Techniques: HV & LV Lines
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PCB design considerations

1. PCB design
* Select components and circuits with EMI in mind
* Design and enforce the ground system at the product
definition stage
* |dentify and label high di/dt circuits
* Component placement
* Careful PCB layout
* Minimise surface areas of nodes with high dv/dt

2. Cables
e Conducted path through cabling
 (Cables can radiate

3. Filters

Pigtails here are a bad idea

. W, Z LyYrn
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|dentify Critical Loops with High di/dt Currents

VIN

Buck Switch
HB
| | Current

\

HO

D2
Py ~F

L
PMEGO6BULB0O

150@pF

Jjw |0

VOUT

HS

Cs

r 1 CSG

LO

* Pinpoint high slew rate current (high di/dt) loops
* Identify layout-induced parasitic inductance that cause noise, overshoot, ringing and ground bounce
e “Shielded” inductor still emits significant EMI!

* Long connections from capacitors to chassis GND

* Improve buck-boost converter layout

* Replace common mode choke

* O

Expertise Propels Excellence



High di/dt Loop = —

e Power stage shall be placed away from E " . x T | -
connectors and cables I ) J |

» Power stage shall be placed away from filters T . 5

* Low ESR and ESL input and output capacitors f -

* EMI filter shall be close to the connector R -

* Ground plane shall not be broken g e EMI filter

[——
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Improved Result: Low Voltage/Low Current Line

—Qp — AV — PK — QP — AV — PK — Table 5, BB, Class 1 (PK) — Table 5, BB, Class 1 (QP) — Table 8, NB, Class 1 (AV)
Table §, BB, Class 3 (PK) Table 5, BB, Class 3 (QP) Table 5, BB, Class 3 QP (QP)

Table 6, NB, Class 3 (AV) 120
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Before After
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Chamber EMC Testing: Radiated Emissions

Front view Side view g
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Radiated Emissions Test Results

Level dBuVim

Level 8. Vim
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— Reg 10.05 Annex 7 - BE Reference Limits (QP) — Reg 10.05 Annex & - NB Reference Limits (AV)

80

QP

— AV

70

60

50

40

30

Level 2BLV/M

,\,‘\," \
20}/ WA

Biconic, Vertical

80

—aP

— Reg 10.05 Annex 7 - BB Referance Limits (QP) —

100
Frequency MHz

— AV
Reg 10.05 Annex € - NB Refarence Limits (AV)

200

70

80

50{

40

30

Level dBpV/m

P VY,
N\/\.ﬂq J’\/F\\\j\/\mw"-’\'\'j
A

Biconic, Horizontal,

100
Frequency MHz

AFTER

200



Thank youl!

EMC &
COMPLIANCE
INTERNATIONAL

Any questions?

https://www.emcandci.com

EMC & CI 2024

Courtesy of Min Zhang, EMC &
Mach One Design Ltd, visit Stand 7 poaem b

20% OFF

INTERNATIONAL

Get 20% off the cost of the Training or Conference by~
using my discount code MOD20 when registering

22™ and 23" May, 2024

Newbury Racecourse, RG14 7NZ, UK
www.emcandci.com
info@emcandci.com
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