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

V{vanalyseur}"300000

A Available examples

Output ripple of a Buck T Individual contribution of parasi
Noise at Input of Buck i Concept of Stabilized impedance I

Noise at Input of Buck i Concept CM return path and D \ ‘w
\

MM“

Flyback converter i Stray inductance and interwinding ca ‘

Brushless DC motor and inverteri Us i1 ng n. S

’ il ‘H
I HM . HHU‘ 4
Evaluation of filter responsei n @o Pl ot di r i vesit

Power Factor and Harmonic current (IEC 61000-3-2)
Surges according to IEC 61000-4-5 and ISO 7637-2
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Setup f—

Getting the tools ready WUGRTH ELEKTRONIK
NOW PART KNALOG
J IR | [ oevices

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

REDEXPERT

https://www.we-online.com/redexpert
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Intro: Fromf unct et
Output ripple of a Buck . | " WIRTH ELEKTRONIK
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|l ntr o From functi onal
Ouvtput ripple of a Buck

1 W|E|"F|#@IQQQQI§%LIE%%‘I tBRREH IS LD F3 YDV O D CEmeidacp

1, 3975| 1, Draft2

42V, 2 5A, 2MHz Step-Down Switching Regulator with
2.7ph Quiescent Curent'nnMote: Sync pin is not
modeled; Burst Mode is selected.

AT Boost = —

LT3975
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more than you expect .

l ntro : From functional 5#@I
OutputrippleofaBuck (wi thout t he nharwemeek e

LT LTspice XVI - [3975] — A oo () 3
,{:‘ Fle Edit Hierarchy View Simulate Tools Window Help [=I=]=]
PEEHPENRAAR - ERE S D2EH A SE S £33 FTDDO D C i day

L 3975 [ oo

“:" Boost

LT3975
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Output ripple of a Buck

Hardcore maths ?
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Output ripple of a Buck

Redexpert : an ode to laziness

REDEXPERT" ALUMINIUM ELECTROLYTIC CAPACITORS | APPLICATIONS |

‘l'o Filters: ed
=—- c

865230440002 WCAP-ASSH

' <+ 865230357007 WCAP-AS5H

865230343004 * 865230357007 865230440002
WCAP-ASEH WCAP-ASEH WCAP-ASEH
47.0 4F - 160V 330 yF - 160V 10.0 4F - 25.0V

Show Panel:

Impedance / Frequency =3
Tk 300 kiHz
100 Q
@ 100
3
=
g L
el
[
o
E 10
100 ma A ‘/
10 mQ . . : .
1Hz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 1GHz
Frequency
May 11 A PUBLIC USE
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HEDEEPERTG’ POWER INDUCTORS | APPLIC

Tl
PARAMETERS | e |

Input Cutput Switch Inductor Diode
240V 500V 800 kHz 40 % 0.30v
19.0-300V 3.00A Single
DETAILS
Irms bz Logt
23.00A F 3.60 A 4.32 yH
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Redexpert : an ode to laziness WURTH ELEKTRONIK
L]
HEDEXPERT° ALUMINIUM ELECTROLYTIC CAPACITORS | APPLICATIONS | HOW TO | < SHARE ﬂ‘ ITEMS a LE BRAS
79 Fitters: I= selected g 2 items
L R m
< 865230440002 WCAP-ASS5H 10.0 pF 250V 2100 <16 % 23.0 mA ASDB055100M025DVCTAEQDD
l e 7 T T I I U -
< 865230357007 WCAP-ASS5H @ 330 pF 16.0 vV 110 mQ <22% 300 mA ASDF105331M016DVCTEEODD
< 1 3
265230343004 * 865230357007 865230440002 ¥ Add 1o Cant
WCAP-ASSH WCAP-AS5H WCAP-AS5H
47.0 pF - 160V 330 pF - 160V 10.0 pF - 250V = Mare
¥ | =
Show Panel:
Impedance | Frequency = D ESR | Frequency = D Ripple Current ! Frequency = |:|
1 k02 ST 1R 1A
100 0 100 O 100 mA -
e
—F._'_'_,_.—l—l—'__
@ 100 10 0 =
= L o \ g 10ma
= w 0
= L IE) .
=9
E 10 104 k 4 2z LI n k
= 1 ma E—
[ra
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17p]
@] 10 mi: v v v + v v v v 10 mx - - - - - - - -
= ~ ) & N o = = = @ ~ ) N o = = = < 10 pa
&) T T e & . v e e & h 100 Hz 1kHz 10 kHz 100 kHz
Ll Frequency Frequency
=
ABOUT WURTH ELEKTRONIK ~ SITEMAP ~ COWTACT  IMPRINT COPYRIGHT © 2018 WURTH ELEKTRONIK GMEH. ALL RIGHTS RESERVED. _'E Schreiben Sie uns
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Redexpert an ode to laziness WURTH ELEKTRONIK
| |
@ -
REDEXPERT POWER INDUCTORS | APPLICATIONS | HOWTO | g SHARE = ITEMS &% LEBRAS
Buck Converter I:I 2 riers
v ClCE— -mm
240V 500V 800 kHz 40 % 0.30V
15.0-30.0 W 3.00 A Single <= T443835T047 WE-MAPI 4030 Single 470 pH 39.9 mQ 3.90 4 G.40 A 102 mw 359 mw
DETAILS )
I o L 74438357056 WE-MAPI 4030 @- Single 560 uH 46.5 m 3.60 A 6.00 A 949 mw 418 mWw )
TS ol
23.00A = 3.60 A 4.32 pH < 744071039 WE-TPC 8043 g Single 3.90 pH 13.0 mQ 4.90 A 4504 | 241 mWw M7 mw
WE-MAPI - 74438356033 . .
L vewamrasessess 744071047 WeTPC 8043 & Ssingie s70m  oma  480A  430A | 200mw| 4samw | |
ton oC iy e
273 ns 0.22 1.57T A 3.79A < 744071056 WE-TPC 8043 @ Single 5.60 pH 20.0 m 4.00 A 4.00 A 168 mWw 180 mWw )
v 1 < m | 3
av I
v I
av 4 !
ops 1 2 s =
~ < .
" A Link
_ /"\ /\\ Show Panel:
a8 / \/ \\ Inductance / DC Current (Ambient Temperature) = 0O Temperature Rize ! DC Current (Ambient Temperature) = O3
za
2 T= 20°C v T= 20°C v
oS 1ps 2ps 3.40 pH 80 K
~
AC Losses DC Losses Total Losses ATtor 2.20 pH 50 1
179 mww 359 mw 538 mWw 420 K
2 pH
Pws. Wi Pws. faw Pvs. L $ 40K
1] o
Pws. Wi = 280 pH a
500 FY £ B w0k “
T o
400 W = 260uH g
200 W 2 20 K
2.40 pH
e
18 vin z=vin 27 vin
2.20 pH 10K
2 pH - - - - - - 0K . - - - - - - -
oA 14 ZA 3A 4 A 5 A 6 A T A 0OA S00mA 1A 150A 2A 250A 3A 350A 4A 450A
Current |
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Output ripple of a Buck
Extracting EMC accurate data from REDEXPERT

"
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Output ripple of a Buck =/ ==
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Extracting EMC accurate data from REDEXPERT " WIRTH ELEKTRONIK
Eal ESL identification

Show Panel:

Impedance | Frequency
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Output ripple of a Buck =/ ==
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Extracting EMC accurate data from REDEXPERT T WORTH ELEKTRONIK
ESL identification

Show Panel: ESRws. F

Impedance / Frequency
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100 0
t c2
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10 0 S i
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[
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bA) \ 114
P L —0 eTge O
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz T "N T4
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Output ripple of a Buck

Example of (non) EMC accurate impact on simulation

LT LTspice XVI - 3975 me—p

File View Plot Settings Simulation Teools Window Help

Ve dT F I RQARR EHEHST sD2E#H a5

Y2 3975 |4 3975

3975 =N|EoR

Cursor 1 =
Wiowt)

il Horz:|  937.19249ps Vet:|  3.2682529V

Cursor 2

Viout)

Horz:|  936.25ps Vert:|  3.2605524V
Diff {Cursor? - Cursor1)

Horz:| -942.49423ns  Vert:| -7.7005456mV

Freq:| 1.0610145MHz  Slope:|  8170.39

933.1ps 933.8ps 934.5ps 935.2ps 935.9us 936.6ps 937.3ps 938.0ps 938.Tps 939.4ps 940.1ps
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LT Capacitor - C4 Ii*?-J
Manufacturer: TOK | 0K |
Fart Mumber: C4532X5R0J472M —

Type: X5R | Cancel |
| Select Capacitor
Capacitor Properties
Capacitance[F]:
Voltage Rating[V]: 6.3
RMS Current Rating[Al: 0

Equiv. Seres Resistance[]: 0.002
Equiv. Seres Inductance[H]: 0

Equiv. Parallel Hesistance[ﬂ]:i

Equiv. Parallel Capacitance[F]::

A ESR = 2 mOhms

A ESL=0nH

A DC bias

(DC ? Like d o ncare ?)

26



Output ripple of a Buck o=
Example of (non) EMC accurate impact on simulation " WiRTH ELEKTRONIK

3075 [ |- E | (3]

3.258V

3.255V+

3,252\

3.249V—

3.246V | | — | | | | | | | | |
922.8ps 923.0ps 923.2ps 923.4ps 923.6ps 923.8ps 924.0ps 924.2ps 924.4ps 924.6ps 924.8ps 925.0ps 925.2ps 925.4ps
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Output ripple of a Buck ==
Example of EMC accurate &8 o R e —
simulation

Charge and discharge of cap

CAP P W

_ , L2
22 i 1nH

i

10mv . R4
smV ;
. : : ESR
ESR P @ W fm g 10mR
2mV
0mv c2
2mVy !
-'lm"u"zl ; CAP __22|.|
Lo’ ; SHmy
P Tww atlow frequencies [

o _ B -10mV : N
¢ Www athigh frequencies gkl |

-14mV

-16mV

-18mV

-20mV
862.4ps 863.2ps 864.0ps o64.8ps 865.6ps 866.4ps o67.2ps
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Capacitor ripple voltage example
ESR / ESL / CAP breakdown in frequency

£ 2020-3975-Ripple-Input-MD.ft

V{vin VinESR) V|vincap)

=)

2
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more than you expect .

Enabling EMC accurate measurement in LTSpice jo/F=—2-
What is the keystone of conducted emissions ? " WUIRTH ELEKTRONTK

e —
& RoMDE&RSCHWARZ FPC1500 - Spactrum Analyzer

| { I}'\ l‘/'lF‘H‘|,‘."|"}"m‘1’1"'?"" W”{‘l'"‘] L G
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more than you expect .

Enabling EMC accurate measurement in LTSpice jo/F=—2-
What is the keystone of conducted emissions ? " WUIRTH ELEKTRONTK

2020 May 11 A PUBLICUSE 32
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Enabling EMC accurate measurement in LTSpice |e/f—-
What is the keystone of conducted emissions ? " WUIRTH ELEKTRONTK

> Low Frequency
WP High Frequency

2 X Low pass filters

D.U.T.

L
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Enabling EMC accurate measurement in LTSpice |e/f—-
What is the keystone of conducted emissions ? " WUIRTH ELEKTRONTK

> Low Frequency
WP High Frequency

2 X Low pass filters

D.U.T.

L
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Enabling EMC accurate measurement in LTSpice VE—‘*
What is the keystone of conducted emissions ? " WUIRTH ELEKTRONTK

D.U.T.
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Enabling EMC accurate measurement in LTSpice |e/fF—-
FFT with simplified LISN " WORTH HEKTRONIK

27 3975- Ripple-Input-MD fft E=n =l <=

V(vlisn)*500000

4 o |[= |[=
L4 : :
S1A | A —]
22pF u
C5 - PG out
250nF yp: G vos e
. Visn 8 He O o Toe 3
V1 R7 FANARE w7 vesk ™" -
v 540k L13975 D1 33pH R2 R4
_J12.2 50 - g |__BO60C §1Meg vapa ] R
R3 c2
.tran 0 0.8m 0.5m 5ns 310K lZZu
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Reality VS Simulation o=

—_ 00—

FFT with simplified LISN Wi sKoNK

£7 3975-Ripple-Input-MD.fft =N ==
V{vlisn)*500000

PR
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Reality VS Simulation T
Conducted Emissions measurement " WORTH ELEKTRONIK

@ Receiver Mode - Frequency Scan 5/5/2020 11:16 Bandwidth

REF: 80 dBuvV MST: 10 ms “CISPR BW: 9 kHz
CATT: 10 dB PA: ON

RBW:
W ETIE]

264.864 kHz « 78.04 dBpV |

Upper Limit = CISPR22 Class B (AVG)

10 MHz
CISPR BW:
Auto

| {1
RS 2 T w ik WML,MQJ LMM ]

Iyl

f

Start 150 kHz Step 0.5% Stop 30 MHz

2020 May 11 A PUBLIC USE

© 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



O_

Reality VS Simulation o=

JRE o W
Conducted Emissions measurement " WURTH ELEKTRONIK

5/5/2020 11:16 Bandwidth

@ Receiver Mode - Frequency Scan

264.864 kHz = 78.04 dBpV

Upper Limit = CISPR22 Class B (AVG)
10 MHz

g i“ \ﬂ Tk |
WWMW i

Cémvi 1N LLle  Cénm NG 0L z 10MHz Cémn 2N AL~

CISPR BW:
Auto
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Reality VS Simulation T
ESR / ESL / CAP breakdown in frequency "~ WURTH ELEKTRONIK

£ 2020-3975-Ripple-Input-MD.fft = |5

V{vin,VinESR) V{vincap)

ESL

- I.wl.,ll.luhhu

LI | T T T T T T T T T T T LN B I B |
100KHZ 100MHz
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Reality VS Simulation

EMI measurement = x (Common Mode + Differential Mode)

@\ Receiver Mode - Frequency Scan 5/5/2020 11:16 Bandwidth

REF: 80 dBuV MST: 10 ms " CISPRBW: 9kHz
CATT: 10 dB PA: ON

RBW:
9kHz Manual

M1 264.864 kHz » 78.04 dBpV

Upper Limit * CISPR22 Class B (AVG)
10 MHz

CISPR BW:

90.0 { Auto
80.0
70.0

60.0

B \ | H »l' "
<Ju bl

jaih

Start 150 kHz Step 0.5% Stop 30 MHz

Sy
im

bty

20.0

10.0

2020 May 11 A PUBLIC USE

© 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

O_

WE—-

WURTH ELEKTRONIK

41



¢ To EMC simul ati on Yol
Getting Seriously Accurate ? ~ WIRTH ELEKTRONTK

i
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1 I 1 I 1
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Getting Seriously Accurate ?
Actual LISN design

L L7 L L Lio
@ YL e YL g VYWY SYYYL YT .
wLin o o 7| CB. MELF207A0RA % MELF207/10R/1 % MELF207/10R/1% MELF207/10R/1% MELF207/10R/1%
— —ITF1——1TF1—+—T31——{ 71—+
R7 R& RS R10 R11
% c12
e
=
E Fesistors WILL be hot under regular mains conditions
=
LT-SASFE4GT
LT-SASFE4GT .
# # ] =
= = o
ud &
=, =] #1
e
[ [
[ (]
E E Fesistors WILL be hot under regular maing conditions
= = _ _
o4
c4 | 5| Ch
oL F207/10RA % MELF207/10RA % MELF207/10RA % MELF207A0RA % MELF207A10RA %
#eLelnl e | o2 | o] R12 R13 R14 R15 R1B
@ O e S . P e e W O e e WO O W °
L1 Lz L3 L4 L5
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Getting Seriously Accurate ? “WE——
Actual LISN design

WURTH ELEKTRONIK
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Getting Seriously Accurate ? o

—_ 00—

Simulation Ready LISN design " WiRTH ELEKTRONIK

[&F (Tepice XVIl - 3675-Ripple-Input-MCMD_MaT,asc - x
File Edit Hierarchy View Simulate Tools Window Help

PEHDXNRAAR BN HERE 2R LS SR 3 ¥D20D An ap

<
= ®
( 3575-Ripple-input-MCMD_MaT .asc 1:: 3975-Ripple-Input-MCMD_Ma T raw

| o || & [

50 H
Lw :
250nF
I
E Vana yeett =N =R =
+ V1 Rlo VINEUT
O s L
19 {> R pe u TTD Couplage VSW
RS jE AT  Boost
R9 50 ._/\R/l\ﬁ Rt o VOUTEUT
5R 30K LT3975 R2 L2 'g'
Vanalyseur2 o F e vese g Rload
c7 ém T
Ri1 310K vea _ 10mR T3 g0nF
250nF imR e
SPF ZEROEUT =7 C‘ll
\_/OILSQJ .tran 0 1m 900us startup o 1«"}37
50|_|H Couplage capacitif cogue iPhone
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Getting Seriously Accurate ? o

—_ 00—

Adding E-Field parasitic coupling "~ WiRTH ELEKTRONIK
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Getting Seriously Accurate ? o

— — o
— -

Adding E-Field parasitic coupling WIRTH ELEKTRONIK

LT3975

Phone case to GRP
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Getting Seriously Accurate ?
Reality VS Simulation

Frequency 5can
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Reality VS Simulation
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Going further with simulation Yol
Splitting CM and DM "~ WIRTH ELEKTRONIK
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Going further with simulation

Splitting CM and DM
A Symetrical interference ?

YT STYTTL

—— (T —eo— [ 71—

WILL be hot under regular mains conditions

YL

— 11—

WE

00—
WURTH ELEKTRONIK

i

g

+

WILL be hot under regular mains conditions

!
o TET

\/
VDM

95[4

\ 4

$

>

 _

GRP

D.U. T

+

PUBLIC USE

© 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

%)
<
o
@
L
—
£
©
=2
>
3
-~
(2]
o
2]
()
W
=

)]
w



O_

Going further with simulation =~

Spllttlng CM and DM, WURTH ELEKTRONIK
AAsymetrical interference ?

htun ebbdlas e Afes el e bd : *
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Splitting CM and DM
A Symetrical interference ?
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Going further with simulation o

Splitting CM and DM_ ~ WORTH ELEKTRONTK
AAsymetrical interference ?
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Going further with simulation =~
Splitting CM and DM - TRONIK

[ | Tepice XVIl - 3975-Ripple-Input-MCMD_MaT.asc - *
File Edit Hierarchy View Simulate TJools Window Help

P EHT XN RQAUCAR &/ HEaE stB2E#g 08 S@ 3 XDHOD An op

1, 3975-Ripple-Input-MCMD_MaT asc ¥~ 3975-Ripple-Input-MCMD_MaT raw

4, 3975-Ripple-Input-MCMD_MaT.asc E=RE=RT)
L3
e Q ﬁ " - /W\ _ VINEUT
l 50pH l 900nH l

8
EN Vil

BuF [« 6 -

[2s0nF [19uF u1 et e
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Going further with simulation
Splitting CM and DM

WURTH ELEKTRONIK

B L Tspice %Vl - 3975-Ripple-Input-MCMD_MaT.asc - [m} x
File Edit Hierarchy View Simulate Tools Window Help

P HT N RAQR(R AR L REHAE LD YOO An op

1, 3975-Ripple-Input-MCMD_MaT.asc ¥ 3975-Ripple-Input-MCMD_MaT raw

| = = 2

20us

Q Zoom to Fit
{£] Autorange Y-axis

o

127 Add Traces

Add Plot Pane

Delete this Pane

[ Sync. Horiz. Axes

Draw

Edit
Marching Waveforms

File

30 [~ Float Window

&%, Mark Data Paints

% Visible Traces
Select Steps
Step Legend

» | Ry Manual Limits

»| A7 Reset Colors

.

SPICE Error Log
r

Plot Defs File

(883 Copy bitmap to Clipboarc

- 1 1
70us

80us

90us

Perform a Fast Fourier Transform of selected data

Writ to .emf fil
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SR | . LT3975 i L 2
EITEEE RF601T2D 1M
o ez GhD FB <2 VESR AnH Rload
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R11 310K 10mR T,
L5 L6 - 1 100nF
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22p 11
_tran 0 1m 900us startup IR I
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Asterisks match colons
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Select Waveforms to Plat:
Ctd-Click to toggle, Alt-Double-Click to enter an expression
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Going further with simulation
Splitting CM and DM T WURTH ELEKTRONK
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Making simulation look real ~WURTH ELEKTRONIK
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Making simulation look real T WURTH ELEKTRONIK

[T select Visible Waveforms oy

Only list traces matching

OK

Asterisks match colons Cancel

Select Waveforms to Plot:
Ctd-Click to toggle, Alt-Double-Click to enter an expression

Vivanalyseur i Vivangivseul 2 * DM noise
2 * CM noise

1 dBV = 120 dBuV

Auto Range
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Going further with simulation "W
Making simulation look real ~WURTH ELEKTRONIK

E“I LTspice XVl - [3973-Ripple-lnput-MCMD.fft]

E__—;Eile View | Plot Settings  Simulation Tools Window Help

ﬁ I%Eisibleﬁaces a & % 1@ E % E dHJU ﬂ @ @ I.';:)
by ooim= CurltAdCMDft §2 3975-Ripple-input-MCMD raw
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Add Plot Pane
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Eye Diagram
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E! Save Plot Settings
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Going further with simulation
Making simulation look real T Adding limit lines

1, 3975-Ripple-input-MCMD.asc  ¥a2 3975-Ripple-Input-MCMD fft $% 3

Line
Line
Line
Line
Line

O_

WE—

WURTH ELEKTRONIK

Start End Amp dBpV start Amp dBuV stop fLine def for LTSPICE
1 9000 50000 110 11(i(9000,0.316227766016838) (50000,0.316227766016838)
2] 50000 150000 90 8((50000,0.0316227766016838) (150000,0.01)
3] 150000 500000 66 5@4(150000,0.00199526231496888) (500000,0.00063095734448019
4{ 500000 5000000 56 5@4(500000,0.000630957344480192) (5000000,0.000630957344480
5] 5000000 30000000 60 60§(5000000,0.001) (30000000,0.001)

Fichier Edition
[
1
Npanes: 1
{

Format
FFT of time domain data]

traces: 1 {2,8,"V(vanalyseur2)+V(vanalyseur)"}
X: ('M*,0,9000,0,30000000)

Fill according to
EMC standards

Copy the result

Affichage  Aide

y[el]: (* *,e,le-006,108,1) )

Y[1]: (* *,@,-200,48,6200) r]

i O Paste It here
A0dB Pl1t+Mas- 1

Line: "dB" 4 @ {9@88,8.31622??66@168} {58@88,8.31622??66)

Line: "dB" 4 © {5@849.8435?121?2,8.831?86581861238?) {15@48?.1182892@2,@.818839??86588485)

Line: "dB" 4 © {1588@8,8.88199526231496888} {SBBBBB,B.BBBESBBS?SMSMBE}

Line: "dB" 4 © {SBBBBB,B.86863895?34448@192} {SBBBBBB,8.88863895?344488192)

Line: "dB" 4 @ (5000000,0.001) (30000000,0.0801)

10KHz

Windows (CRLF) Ln 10, Col 16 100%
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Making simulation look real T Defining a range " WURTH ELEKTRONIK

j 39753-Ripple-lnput-MCMD-dbuv.plt - Bloc-notes —

Fichier Edition Format Affichage 7
[FFT of time domain data]

1
Nranes: 1

1
traces: 2 {65548,8,"588808*V(vanalyseur,vanalyseur2)"} {65547,8,"10800068*% (V(vanalyseur2)+V(vanalyseur) )"}

10kHZ tO 30 MHZ K: ('M',0,10000,08,3c+007)

Y(el: (" ',8,1,20,1e+886)
log: 1 2 @

0 to 120dBpV S

Line: “dB" 13 @ (8983.92329585352,3196408,747263751) (49889.5367352049,319848,747263751)
Line: “dB" 13 @ (Seee8,316227.766816838) (50088,31622.7766816838)
Line: “dB" 13 @ (Seeed,31622.7766816838) (150008,16008)
Line: “dB" 13 @ (15e@88,106000) (158080,1995,262314965888)
Line: “dB" 13 @ (15@@88,1995,2623149635858) (S00008,530,957344488193)
Line: “"dB" 13 @ (Seeee8,538.957344438193) (Se0p006,530,957344438193)
Line: “dB" 13 @ (Se02028,530,957344458193) (5000000 ,1008)
Line: “dB" 13 @ (Seoape8,1e80) (30000000,1000)
}
}
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Going further with simulation
Fixing that buck in the simulation T Polymer input cap

F Capacitor - C6

Manufacturer: ——
Part Mumber: ——

Type: ——
Select Capacitor
Capacitor Properties

Capacitance[F]:

Voltage Rating[V]:

RMS Cument Rating[A]:

Equiv. Series Resistance[(]:

Equiv. Series Inductance[H]:

Equiv. Parallel Resistance[C]:

Equiv. Parallel Capacitance[F]:
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Reality VS Simulation T
ESR / ESL / CAP breakdown in frequency "~ WURTH ELEKTRONIK

£ 2020-3975-Ripple-Input-MD.fft = |5

V{vin,VinESR) V{vincap)

ESL

- I.wl.,ll.luhhu

LI | T T T T T T T T T T T LN B I B |
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Going further with simulation =~
Fixing that buck in the simulation 1 After Polymer Cap " WRTH ELEKTRONIK

7 Part 4bis - DM and CM of Buck - Without CMC.fft = ===

(V{vanalyseur)+V(vanalyseur2)j* 500000

T T I
100KHz
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Fixing that buck in the simulation T Common mode choke WIRTH ELEKTRONIK

E“I Select Cormnponent Symbaol > % VINEUT
Top Directory: | C:\Userssylvain lebrashDocuments L Tspice XV Mibsym - nH L J
L EN Vin
D J I € -
B - PG ouT—
— 330pF
1 ) WL nen this macromodel’s te re " LN\J\J (-l-:il LT
E; —n -
- — 1] SS Boost
[WECWE | ("N in |c
C:\Users'sylvain lebras \Documents L Tepice XV \ib aym’, R1 __4
load2 of SOAthemm-NMOS X5_744821201_1m +—\/\/ Rt SW —#—
lpnp pIMIOS SO Athem-PCB i 330K
ttline prmogd BW |
mesfet pnp tine LT3975 —=
nif pnp# TWSdinde
LT3 |omos prip4d varactor L GND FB——
nmos4d polcap voltage
npn res m;gﬁl_
npn2 res? zEener
npnl echatthy R11
npnd S0Athem-Heat Sink 6 -
Cancd °
| .tran 0 1m 900us startup
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Going further with simulation W
Fixing that buck in the simulation i Input Common mode choke ™ wirm sexmonik

[ Component Attribute Editor *

C:\Users\Markus thoss'\Documents'\L Tepice XVINib \sym\Wurt

This is the first attibute to appear on the netlist line.

WValue

X
Lz
X5_744821201_1m

¥5_744821201_1m
X5_744821240_4m
X5_ 744821150 5m

X5_744821120_20m
5_744821039_39m
5744922301 1m
5744822233 3.3m
S_744822110_10m
S_744822120_20m

73
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Going further with simulation
Fixing that buck in the simulation

I Input Common mode choke

Ick

VINEUT
EN Vin
6 Ul
330pF PG ouT
a
I ss ALY Boost
in
o R1
Rt SW
330K
LT3975
GND FB

Couplage VSW

c10

VOUTEUT

“WE—=-

WURTH ELEKTRONIK
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[
3
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Going further with simulation o

—_ 00—

Fixing that buck in the simulation i Input Common mode choke ™ wirm sexmonik

[ Component Attribute Editor X

| Open Symbol: C:\Users\sylvain lebras\Documents'\L Tspice XVIINib\sym \WE<

This i the first attribute to appear on the netlist line.

Double Left click
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Going further with simulation

Fixing that buck in the simulation i Input Common mode choke

WE—-

WURTH ELEKTRONIK

FHLEE;‘“._
900nH
C5
15ﬂ.""‘afni||[',gaeur
u2
*R7
}51] ° LM_A_J
N X5 744821110
.R8
=50
Vanalyseur2
c7
250nF
Jis
900nH
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Open Symbol:| C:\Usershsylvain lebras’Documents L TspiceXVII\ib sym WEL
Thiz ig the first attibute to appear on the netlist line.
iuplage VSW
C10

Adtribute Value Vis. ™ —|
Prefi X 20pF
InstMame Lz

i L1
an_a?mm 110_10m S et

alue P
Value2 XS5_744821201_Im 330H - Lo

XS 744821240 _4m
SpiceLine X5 744821150 5m D 1Meg
L W

sniceline? XS_744821120_20m

5_744821035_39m
o_ 44822301 _1m
5_744822233_33m

Ca

=

Pick CMC from list

5_744822110_10m
5_744822120_20m

M_744823305_5m
M_744823601 _1m
M 744823422 2 2m
M 744823333 3.3m

M TAAFT N AN
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Going further with simulation ol
Fixing that buck in the simulation T Without Common mode choke ™ wikm esronik

7 Part 4bis - DM and CM of Buck - Without CMC.fft = ===

(V{vanalyseur)+V(vanalyseur2)j* 500000

T T I
100KHz
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Going further with simulation ol
Fixing that buck in the simulation T With input Common mode choke "~ WORTH ELEKTRONIK

27" Part dbis - DM and CM of Buck - Fixed fft =N

(V{vanalyseur}+V|vanalyseur2))*500000
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Fixing that buck in the simulation i With output CMC " WORTH ELEKTRONIK
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Going further ? T
Common mode / Differential Mode separator in real life " WiRTH ELEKTRONIK

4
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Going further ?
Common mode / Differential Mode separator in real life
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Modeling Real life examples o
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Flyback converter for lighting applications " WiRTH ELEKTRONIK

® ROMDE& SCHWARZ FPC1500 - Spectrum Analyzer

* CSPR22 Class B (AVE5)

Y P
VI A b tin i
VI A,
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Modeling Real life examples o
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Flyback converter for lighting applications WURTH ELEKTRONIK
AParasitics : D6,

; ) . B T
AMosfet Tab parasitic coupling kL1121
, ] o __'[31
ATransformer leakage inductance  _ H Tro0u
4 . - ! 2. 76pH
Alnterwinding capacitance i
RFN1L7S 0 »
R2 L8
|_
01  1pH STPBHM60
c3
15 10ps-tps-tops) . I
InF
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Flyback converter for lighting applications " WiRTH ELEKTRONIK

Mosfet Tab parasitic coupling

Icm I ik ° N ® O
{
2 dm ' I
——=======P=Pe========================-"_"
L1 p—
O
Bt "
y—T
N D ® o
© D
| i
I cm NP mm R e e e
2
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O
———————— D
Icm
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Mosfet Tab parasitic coupling
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Mosfet Tab parasitic coupling
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IcE)
J0mA: 1(CB6)

OmA— "Ll/w

. « Tab » Current

-60mA—

-90mA-

-120mA—

-150mA=

-180mA—

-210mA—

-240mA:
600V

V(ND11,N020)

o Drain to source voltage

240V

180V
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60V

oV
36ps
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Primary leakage inductance

D Electrical Properties:

Leakage inductance

Insulation test voltage

100 kHz/ 100 mV
W1,4 =>W2,3

4000

Properties Test conditions Value Unit Tol.
Inductance 100 kHz/ 100 mV L 1310 HH +10%
Turns ratio n 140:6:6:16 +3%

Saturation current IAL/LI < 20% lsat 0.8 A typ.
DC Resistance 1 @ 20°C Rpc1 3000.0 mQ max.
DC Resistance 2 @ 20°C Rpco 25.0 mQ max.
DC Resistance 3 @ 20°C Rpcs 25.0 mQ max.
DC Resistance 4 @ 20°C Rpe4 450.0 m¢2 max.
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more than you expect .

Real life examples
Turn ratio to inductance ?

WE—

o_

WURTH ELEKTRONIK

Transformers : from datasheet to LTSpice model

Primary inductance

Leakage inductance

Prima Secondal

Secondary inductance
| | 2.79|pH
Auxiliary inductance
19.84|pH
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Alnterwinding capacitance ?

,_,.——""'"! 2 Tstape
9 1 «—
e 3 N1 (8-7): Enameled copper wire
2 Layers with layer insulation ’,__,f-'-"”"‘ 3 Ts tape
O, ® **“
N2 (1-4): Triple insulated wire
7 4 N3 (3-6): Triple insulated wire
Bifilar into 3 layers 3 Ts tape
1 2 S . 3 _.___.-r-"'f_r S ap
A |
@ @ N4 (12-11). Enameled copper wire
Spread over 1 full Layer — 1 Ts tape
4|
11 6 N1 (9-8): Enameleld copper wire
2 Layers with layer insulation
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Differential
Commm
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