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Anticipate EMC with LTSpice
Using LTSPICE and Redexpert to check power supply designs 

TA_Master2020A_Agenda0_0

 Intro :  From functional simulation…

 Output ripple of a Buck

 Extracting EMC accurate data from REDEXPERT

 Example of (non) EMC accurate impact on simulation

 …To EMC simulation

 Enabling EMC measurement in LTSpice

 Getting Seriously Accurate ?

 Going further with simulation

 Splitting Common and Differential mode

 Making simulation look real

 Examples
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Anticipate EMC with LTSpice
Using LTSPICE and Redexpert to check power supply designs 

TA_Master2020A_Agenda0_0

 Available examples

1. Output ripple of a Buck – Individual contribution of parasitics

2. Noise at Input of Buck – Concept of Stabilized impedance

3. Noise at Input of Buck – Concept CM return path and DM/CM split

4. Flyback converter – Stray inductance and interwinding capacitance

5. Brushless DC motor and inverter – Using “.STEP” and “.PARAM”

6. Evaluation of filter response – “@” Plot directives and Boolean Enabled sources

7. Power Factor and Harmonic current (IEC 61000-3-2)

8. Surges according to IEC 61000-4-5 and ISO 7637-2
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Setup
Getting the tools ready

https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html

https://www.we-online.com/redexpert

https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.we-online.com/redexpert
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Intro : From functional simulation… 
Output ripple of a Buck
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Intro : From functional simulation… 
Output ripple of a Buck
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Intro : From functional simulation… 
Output ripple of a Buck (without the “hardcore mathematics”)
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Output ripple of a Buck
Hardcore maths ?

V = R ∙ 𝐼

∆V = 𝑍𝐶 ∙ ∆𝐼𝐿
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Output ripple of a Buck
Redexpert : an ode to laziness
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Output ripple of a Buck
Redexpert : an ode to laziness

Link
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http://www.we-online.de/redexpert/#/module/20/infopanels/FZ/sel/800000Hz/selecteditems/865230343004,865230357007,865230440002/productdata/=865230343004/descr/asc/sel/gte:0
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Output ripple of a Buck
Redexpert : an ode to laziness

Link

 Link

http://www.we-online.de/redexpert/#/module/20/infopanels/FZ/sel/800000Hz/selecteditems/865230343004,865230357007,865230440002/productdata/=865230343004/descr/asc/sel/gte:0
http://www.we-online.de/redexpert/#/module/4/productdata/=74438356033/type/Single/Ir/gte:3A/Isat/gte:3.6A/L/gte:3.02uH+lte:5.62uH/applicationbar/BuckConverter/on/input/19V+24V+30V/output/5V+3A/chip/800kHz/inductor/40/diode/0.3V
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Output ripple of a Buck
Extracting EMC accurate data from REDEXPERT
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Output ripple of a Buck
Extracting EMC accurate data from REDEXPERT

ZL = 𝐿𝜔

ZL

𝜔
= 𝐿

𝐿 =
Z𝐿
2𝜋𝐹

=
5

100 × 106 × 2𝜋
≅ 8 𝑛𝐻

ESL identification 
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Output ripple of a Buck
Extracting EMC accurate data from REDEXPERT

ZL = 𝐿𝜔

ZL

𝜔
= 𝐿

𝐿 =
Z𝐿
2𝜋𝐹

=
0,132

100 × 106 × 2𝜋
≅ 0.2 𝑛𝐻

ESL identification 
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Output ripple of a Buck
Example of (non) EMC accurate impact on simulation

• ESR = 2 mOhms

• ESL = 0 nH

• DC bias

(DC ? Like don’t care ?)
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Output ripple of a Buck
Example of (non) EMC accurate impact on simulation
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Output ripple of a Buck
Example of EMC accurate 

simulation

CAP

ESR

ESL

16 𝑚𝑉𝑝−𝑝

10 𝑚𝑉𝑝−𝑝 at low frequencies

25 𝑚𝑉𝑝−𝑝 at high frequencies

14 𝑚𝑉𝑝−𝑝

W
E

 e
iS

o
s

Charge and discharge of cap

CAP

ESL

ESR
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Capacitor ripple voltage example
ESR / ESL / CAP breakdown in frequency

CAP

ESL

ESR

ESL
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… To EMC simulation
The missing link
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Enabling EMC accurate measurement in LTSpice
What is the keystone of conducted emissions ?
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Enabling EMC accurate measurement in LTSpice
What is the keystone of conducted emissions ?

D.U.T.

LISN
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Enabling EMC accurate measurement in LTSpice
What is the keystone of conducted emissions ?

D.U.T.

2 x Low pass filters

Low Frequency

High Frequency
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Enabling EMC accurate measurement in LTSpice
What is the keystone of conducted emissions ?

D.U.T.

2 x Low pass filters

Low Frequency

High Frequency
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Enabling EMC accurate measurement in LTSpice
What is the keystone of conducted emissions ?

D.U.T.

2 x Low pass filters

2 x High 

pass filters

B

A

EMI RECEIVER
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Enabling EMC accurate measurement in LTSpice
FFT with simplified LISN
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Reality VS Simulation
FFT with simplified LISN
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Reality VS Simulation
Conducted Emissions measurement
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Reality VS Simulation
Conducted Emissions measurement
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Reality VS Simulation
ESR / ESL / CAP breakdown in frequency

CAP

ESL

ESR

ESL
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Reality VS Simulation

EMI measurement = ∑ (Common Mode + Differential Mode)  
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… To EMC simulation
Getting Seriously Accurate ?
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Getting Seriously Accurate ?
Actual LISN design
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Getting Seriously Accurate ?
Actual LISN design
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Getting Seriously Accurate ?
Simulation Ready LISN design
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Getting Seriously Accurate ?
Adding E-Field parasitic coupling 

Buck Switching node to GRP

Phone case to GRP
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Getting Seriously Accurate ?
Adding E-Field parasitic coupling 

Phone case to GRP

Switching node to GRP
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Getting Seriously Accurate ?
Reality VS Simulation

Phone on GRP

Phone lifted from GRP

D.U.T.

LISN

D.U.T.LISN
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Getting Seriously Accurate ?
Reality VS Simulation
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Getting Seriously Accurate ?
Reality VS Simulation
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Getting Seriously Accurate ?
Reality VS Simulation
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Going further with simulation
Splitting CM and DM
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Going further with simulation
Splitting CM and DM

D. U. TLISN2 x VDM

GRP

 Symetrical interference ?
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Going further with simulation
Splitting CM and DM

 Asymetrical interference ?

D. U. T

Part 1

LISN-VCM + VCM = 0
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Going further with simulation
Splitting CM and DM

 Asymetrical interference ?

D. U. T

Part 1

LISN|2 x VDM + (-VCM + VCM) | = 2 x VDM
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Going further with simulation
Splitting CM and DM

D. U. TLISN
VDM

GRP

-VDM

VDM + (-VDM) = 0 +

 Symetrical interference ?
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Going further with simulation
Splitting CM and DM

 Asymetrical interference ?

D. U. T

Part 1

LISN-VCM + (-VCM) = - 2 x VCM

-VCM

-VCM

+
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Going further with simulation
Splitting CM and DM

 Asymetrical interference ?

D. U. T

Part 1

LISN|VDM + (-VDM) + (- 2 x VCM)| = 2 x VCM
+
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Going further with simulation
2 * DM noise

2 * CM noise
Splitting CM and DM
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Splitting CM and DM
Going further with simulation

2 * DM noise

2 * CM noise
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Going further with simulation
Splitting CM and DM

2 * DM noise
2 * CM noise
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Going further with simulation
Making simulation look real

 Scaling to dBµV

 Loading limit lines in LTSpice

 Defining a Frequency range
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Going further with simulation
Making simulation look real

2 * DM noise

2 * CM noise

1 dBV = 120 dBµV
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Going further with simulation
Making simulation look real
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Going further with simulation
Making simulation look real – Adding limit lines

Start End Amp dBµV start Amp dBµV stop Line def for LTSPICE

Line 1 9000 50000 110 110 (9000,0.316227766016838) (50000,0.316227766016838)

Line 2 50000 150000 90 80 (50000,0.0316227766016838) (150000,0.01)

Line 3 150000 500000 66 56 (150000,0.00199526231496888) (500000,0.000630957344480192)

Line 4 500000 5000000 56 56 (500000,0.000630957344480192) (5000000,0.000630957344480192)

Line 5 5000000 30000000 60 60 (5000000,0.001) (30000000,0.001)

Fill according to 

EMC standards
Copy the result

Paste it here
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Going further with simulation
Making simulation look real – Defining a range

10kHz to 30 MHz

0 to 120dBµV
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Going further with simulation
Making simulation look real – Result 

Differential

Common

Limit
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Going further with simulation
Fixing that buck in the simulation – Polymer input cap
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Reality VS Simulation
ESR / ESL / CAP breakdown in frequency

CAP

ESL

ESR

ESL



2020 May 11 • PUBLIC USE 70
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www,we-online.com

Going further with simulation
Fixing that buck in the simulation – Before Polymer Cap

Differential CommonLimit
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Going further with simulation
Fixing that buck in the simulation – After Polymer Cap

Differential
Common

Limit
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Going further with simulation
Fixing that buck in the simulation – Common mode choke



2020 May 11 • PUBLIC USE 73
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www,we-online.com

Going further with simulation
Fixing that buck in the simulation – Input Common mode choke
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Going further with simulation
Fixing that buck in the simulation – Input Common mode choke

Right Click
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Going further with simulation
Fixing that buck in the simulation – Input Common mode choke

Double Left click
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Going further with simulation
Fixing that buck in the simulation – Input Common mode choke

Pick CMC from list
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Going further with simulation
Fixing that buck in the simulation – Without Common mode choke

Differential
Common

Limit
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Going further with simulation
Fixing that buck in the simulation – With input Common mode choke

Differential
Common

Limit
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Going further with simulation
Fixing that buck in the simulation – With output CMC
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Going further ?
Common mode / Differential Mode separator in real life
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Going further ?
Common mode / Differential Mode separator in real life



2020 May 11 • PUBLIC USE 82
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www,we-online.com

Going further ?
Common mode / Differential Mode separator in real life
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Modeling Real life examples
Flyback converter for lighting applications
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Flyback converter for lighting applications
Modeling Real life examples

 Parasitics :

 Mosfet Tab parasitic coupling

 Transformer leakage inductance

 Interwinding capacitance
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Real life examples
Flyback converter for lighting applications

L1

N

PE

2

cmI

2

cmI

dmI

cmI

Mosfet Tab parasitic coupling
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Real life examples
Flyback converter for lighting applications
Mosfet Tab parasitic coupling
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Real life examples
Flyback converter for lighting applications

E


d

A
C 0

Mosfet Tab parasitic coupling
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Real life examples
Flyback converter for lighting applications

Drain to source voltage

« Tab » Current
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Real life examples
Flyback converter for lighting applications
Primary leakage inductance

WE-UOST
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Real life examples
Turn ratio to inductance ?

Transformers : from datasheet to LTSpice model

Primary inductance

1310 µH Lp

Leakage inductance

50 µH L1

Primary Secondary Aux

Ratio 130 6 16

Secondary inductance

2.79 µH Ls

Auxiliary inductance

19.84 µH La
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Real life examples
Flyback converter for lighting applications

 Interwinding capacitance ?
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Real life examples
Flyback converter for lighting applications

 Interwinding capacitance ?
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Real life examples
Flyback converter for lighting applications
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Real life examples
Flyback converter for lighting applications

Differential

Common

Limit
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Real life examples
Flyback converter for lighting applications

9kHz 30MHz

Fréquence (MHz) Ligne: Neutre / Neutral

0 

130 

dBµV

EN 55015 : 06 (A1A2) alim - Classe:  - Moyenne/

EN 55015 : 06 (A1A2) alim - Classe:  - QCrête/

Mes.Peak (Neutre / Neutral)

Simulation Example of actual measurement
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Real life examples
Mains voltage BLDC driver + motor
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 Parasitic coupling to and through stator

 Influence of grounding

Real life examples
Mains voltage BLDC driver + motor

 Slew rate of driver

 Dead time impact
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Real life examples
Mains voltage BLDC driver + motor

 Parasitic coupling to and through stator

 Influence of grounding (of stator)

Credits Wikimedia commons
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Real life examples
Mains voltage BLDC driver + motor
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 Parametric simulation

 .STEP is possible to see 

impact of slew rate and

dead time on EMC

signature

Real life examples
Mains voltage BLDC driver + motor
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Real life examples
Mains voltage BLDC driver + motor
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Evaluation of Filter Insertion losses
Design your EMC filter in LTspice
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Evaluation of Filter Insertion losses
Design your EMC filter in LTspice
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Power Factor and Harmonic current
Anticipate IEC 61000-3-2
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Power Factor and Harmonic current
Anticipate IEC 61000-3-2
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Power Factor and Harmonic current
Anticipate IEC 61000-3-2

?
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Power Factor and Harmonic current
.FOUR directive to Anticipate IEC 61000-3-2
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Power Factor and Harmonic current
.FOUR directive to Anticipate IEC 61000-3-2

Ampera
Fraction of 

fundamental 
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Power Factor and Harmonic current
Graphical method to anticipate IEC 61000-3-2

IEC 61000-3-2 Class D - LTSpice limit line calculator

in 50Hz base Start Freq End Freq mA/W start

Line 3 130 170 3.4 Line: "A" 4 0 (130,0.0034) (170,0.0034)

Line 5 230 270 1.9 Line: "A" 4 0 (230,0.0019) (270,0.0019)

Line 7 330 370 1 Line: "A" 4 0 (330,0.001) (370,0.001)

Line 9 430 470 0.5 Line: "A" 4 0 (430,0.0005) (470,0.0005)

Line 11 530 570 0.35 Line: "A" 4 0 (530,0.00035) (570,0.00035)

Line 13 630 670 0.296153846 Line: "A" 4 0 (630,0.000296153846153846) (670,0.000296153846153846)

Line 15 730 770 0.256666667 Line: "A" 4 0 (730,0.000256666666666667) (770,0.000256666666666667)

Line 17 830 870 0.226470588 Line: "A" 4 0 (830,0.000226470588235294) (870,0.000226470588235294)

Line 19 930 970 0.202631579 Line: "A" 4 0 (930,0.000202631578947368) (970,0.000202631578947368)

Line 21 1030 1070 0.183333333 Line: "A" 4 0 (1030,0.000183333333333333) (1070,0.000183333333333333)

Line 23 1130 1170 0.167391304 Line: "A" 4 0 (1130,0.000167391304347826) (1170,0.000167391304347826)

Line 25 1230 1270 0.154 Line: "A" 4 0 (1230,0.000154) (1270,0.000154)

Line 27 1330 1370 0.142592593 Line: "A" 4 0 (1330,0.000142592592592593) (1370,0.000142592592592593)

Line 29 1430 1470 0.132758621 Line: "A" 4 0 (1430,0.000132758620689655) (1470,0.000132758620689655)

Line 31 1530 1570 0.124193548 Line: "A" 4 0 (1530,0.000124193548387097) (1570,0.000124193548387097)

Line 33 1630 1670 0.116666667 Line: "A" 4 0 (1630,0.000116666666666667) (1670,0.000116666666666667)

Line 35 1730 1770 0.11 Line: "A" 4 0 (1730,0.00011) (1770,0.00011)

Line 37 1830 1870 0.104054054 Line: "A" 4 0 (1830,0.000104054054054054) (1870,0.000104054054054054)
Line 39 1930 1970 0.098717949 Line: "A" 4 0 (1930,9.87179487179487E-05) (1970,9.87179487179487E-05)

Line def for LTSPICE plot settings file
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Power Factor and Harmonic current
Graphical method to anticipate IEC 61000-3-2

L
in

e
a

r 
a

x
is

 s
p

a
c
in

g

< Linear axis spacing, 50 to 2 000 Hz > 

Normalize levels as they are mA/W

In LTspice FFT is RMS equivalent

So divide by power and multiply by √2

Load limits from IEC 61000-3-2 class D
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Power Factor and Harmonic current
Graphical method to anticipate IEC 61000-3-2

Fail !
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Power Factor and Harmonic current
Graphical method to anticipate IEC 61000-3-2

Fail !
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Power Factor and Harmonic current
Graphical method to anticipate IEC 61000-3-2
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Setting initial condition

 Ctrl + Right Click 

 SpiceLine

 ic=10V

Good to know
Speed up simulations
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115

Questions& Answers

Sylvain.LeBras@we-online.com

Vous recevrez un lien avec 

les fichiers utilisés pendant 

cette présentationSlides and Simulation files are available here :

https://github.com/sylvainlebras/anticipate-emc-with-ltspice

Schematic, Layouts, Bill of material, are released as open source :

https://github.com/sylvainlebras/EMC-Tools

If you have questions:

https://github.com/sylvainlebras/anticipate-emc-with-ltspice
https://github.com/sylvainlebras/EMC-Tools

