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simulation/functional/Draft1.asc

N more than you expect

Einfhrung : Von einer funktionalen Simulation... VE—&
V\Aus_ angsspannungsrippel eines Abwartswandlers worh T WORTH ELEKTRONIK
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42V, 2 5A, 2MHz Step-Down Switching Regulator with
2.7ph Quiescent Curent'nnMote: Sync pin is not
modeled; Burst Mode is selected.

&Y Bossk

LT3975



simulation/functional/Draft1.asc
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Einfuhrung : Von einer funktionalen Simulation... -je/&—2-
Ausgangsspannungsrippel eines Abwéartswandlers " WURTH ELEKTRONIK

[T LTspice ¥Vl - [3975_12V_5.asc] - X
'l; File Edit Hierarchy View Simulate Tools Window Help

FEHTFORAARIE SR b BM B LB 3 IDDD OO da

L7 Boost

LT3975

2020 May 14 . Please choose : PUBLIC USE 6

© 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


simulation/functional/3975_12V_5V.asc

Ausgangsspannungsrippel
Ein einfacher Zusammenhang?
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Ausgangsspannungsrippel
REDEXPERT: Eine grol3e Hilfe

WE Aluminium-Polymerkondense: X [UEJAIGITTICEEenr e

&« (& ‘@ [OF"] https://redexpert.we-online.com/redexpert/#/module/14/infopa 1109 e @ t} m o & é)

REDEXPERT®  ALUMINUM-POLYMERKONDENSATOREN | ANWENDUNG | ANLETUNG g - 2

PF\ItEfZ 630V =Vgp= 250V Artikel-Nr. = 875015119003, 875105359004, 875105240003

5 Atikel-Mr. T Serie % Attikelbeschreibung ¥ Sp.. C VY Va Y ESRna @100kHz

Z@600 kHz

7,46 mQ)

n < 875015119003 WCAP-PHGP  H-Chip General Purpose y 100 pF 6,30V

B T e N A B

* 875105359004 WCAP-PSLP V.Chip Large Capacitance G 33,0 pF 16,0 V

<
8750151198003 875105240003 X 875105359004 W ZURLISTE a
WCAP-PHGP WCAP-PSLP - 4.0 mm WCAP-PSLF - 5.0 mm
100 pF - 8,30V 22,0 pF - 10,0V 330pF 180V — v
— —— = MEHR
Ein-/ Ausblenden
Impedanz / Frequenz =0 ESR/Frequenz =[O
162 1KQ
1000 1000
100 100
N
2
RIS [ & il
2 it}
£
100 mQ 100 m2
10mo 10 mo
1ma 1ma
100Hz  1kHz  10kHz  100kHz  1MHz  10MHz 100MHz  1GHz 100Hz  1kHz  10kHz 100kHz  1MHz  10MHz 100MHz  1GHz
Frequenz Frequenz
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{ Buck Non-Sync Converter

PARAMETER BEARBEIT

Eingang Ausgang Schaltregler Induktor Diode

10,0-14,0V 500V 600 kHz 40 % 030V
1,00 A
DETAILS
ILmax.-:-pt Lupt IL
=120 A 13,9 pH =1,00 A

WE-MAPI - 74438357100

T

06A |
044 . .




Ausgangsspannungsrippel
REDEXPERT: Eine grol3e Hilfe

E Buck Non Sync - Speicherindul X +

<~ [ @ @ https://redexpert.we-online.com/redexpe

6100,74438356150,74

fselecteditems/7T.

100/productdats

e/+or+5ingle+Single_HV/Isat/gte: 1.2,

110% - Y N @

REDEXPERT“’ SPEICHERINDUKTIVITATEN ‘ ANWENDUNG ‘ ANLEITUNG | < TEILEN

@

W Tems - MARKUS

< Buck Non-Sync Converter Yo Filter: Typ = Single, Single HV lset = 1,20 A lr= 1,01A 73uH =Lp=18,1 uH ATror= 800K Serie = WE-MAPI 3 Produkte £

Hua

2,

PARAMETER BEARBEITEN 57 Artikel-Nr. S Serie Y Bauform 7 Spez Typ YT L Y Rocye V MB OV g Y ba Y feo V Pac ¥V Ppg W Pror V ATir ¥ L VoW v
Eingang  Ausgang Schaltregler  Induktor Diode 74438336100 WE-MAPI 3020 @  Single 10,0 pH 280 m0) 55,6 % 120 A 235A 180MHz 667mW  280mW 347 mW 319K 3,00 mm 3,00 mm
100-140V 500V 600 kHz 40% 030V
1.00A 74438356150 WE-MAPI aw  Single 15,0 pH 200 mQ 371% 1,90A 210A 140MHz 31,6mW  200mW = 232mW 120K 410mm  4,10mm
DETAILS
v | c7emmario WMEWW wno| ssex] zmal sl sow mmmmmmn
ILmaxopt Log I
=1,20A 13,9 pH 21,00A
WE-MAPI - 74438357100
DC Al Imax Ton
037 556 mA 21,28A 618ns

Ein- / Ausblenden: K vs. I(T)

3V <
= 74438336100 74438356150 74438357100 X % ZURLSTE |,
! WE-MAP! - 3020 WE-MAPI - 4020 WE-MAPI - 4030 =
100 pH- 280 mQ 150 pH - 200m0 100 pH - 101 mQ

v
MEHR

n
O

v

Induktivitit / DC-Strom (Umgebungstemperatur) =[O Erwsirmung / DC-Sirom (Umgebungstemperatur)
\\/ T= 20°C v T= 20°C
16 pH TOK
.
14 pH 80K
AC B DC B Total BB AT, @&
50 K
[ ] L [ ] 8 1248
43,1 mwW 101 mW 144 mwW 664K - o
ko] £ 40K
& E
P ¥s. Vein R = H
2 L% 30K
ey |
8 pH
20K
eur 10K
4pH 0K
oA 14 2a 3A 4 5A 8A 0A 500 mA 1A 154 2A 25A 3A 35
Strom Strom
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https://redexpert.we-online.com/redexpert/#/module/4/selecteditems/74438336100,74438356150,74438357100/productdata/=74438357100/type/+or+Single+Single_HV/Isat/gte:1.2A/Ir/gte:1.01A/L/gte:9.7uH+lte:18.1uH/Tris/lte:80K/series/WE-MAPI/applicationbar/BuckConverter/on/input/10V+12V+14V/output/5V+1A/chip/600kHz/inductor/40/diode/0.3V

Ausgangsspannungsrippel
REDEXPERT: Eine grol3e Hilfe

E Aluminium-Polymerkendensz: X +

<~ (] Q [OF"] https://redexpert.we-online.com/redexpert/#/module/14/infopanels/FZ/sel/600kHz/selecteditems/875015119003,875105240003,875105359004/productdata/=87501511900. fgte:6.3V+Ite25V - @ ﬁ o & é>
REDEXPERT®  ALUMINIUM-POLYMERKONDENSATOREN | ANWENDUNG | ANLETUNG | g TELEN & meus & HARKUS
1‘° Fitter: 630 V=Ve=250V 100/ 184 Produkte
Q

S Artikel-Nr % Serie % Artikelbeschreibung Y Spez € W Ve Y DF Y ESRuax@100kHZ lipple: ek W Z@BOOKHz Y @ ¥ Breite % Lange % Hohe % Lebensdauer % Tmn V' Tmsx W Montage % Pins % Pin

875015119006 WCAP-PHGP  H-Chip General Purpose il 220 uF 6,30V 6,0 9% 15,0 mQ 510 A @450°C 139 pA 7,93 mOQ 4,30 mm 7,30 mm 1,80 mm 2000,0h -55,0°C 105°C
<> 875015119004 WCAP-PHGP  H-Chip General Purpose my 150 uF 6230V 6,0% 15,0 mQ 5,60 A @45,0°C 94,5 uA 10,2 mQ 4,30 mm 7,30 mm 1,80 mm 2000,0h -55,0°C 105°C  SMT
< 875075555001 WCAP-PELC  V-Chip Large Capacitance ol 39,0 pF 250V 8,0% 15,0 mQ 421 A@105°C 195 pA 106 m 8,0 mm 8,30 mm 8,20 mm 11,7 mm 200000 -55,0°C 105°C  SMT
. < 875105359004 WCAP-PSLP  V.Chip Large Capacitance o 33,0 pF 16,0V 8,0% 30,0 mQ 220 A@105°C 400 pA M5m0 50mm  530mm  530mm 580 mm 2000,0h  55,0°C 105°C  SMT
«» 875105242005 WCAP-PSLP  V-Chip Large Capacitance ol 39,0 uF 10,0V 8,0% 30,0 mQ 1,97 A@105°C 300 pA 119mQ 50mm 5,30 mm 5,30 mm 5,50 mm 200000 -b5,0°C 105°C  SMT
<> 870025574002 WCAP-PTG5  THT General Purpose +105°C i 47,0 uF 250V 8,0% 20,0 mO 450 A@105°C 235 pA 119mQ 80mm 8,00 mm 2000,0h -55,0°C 105°C THT 0,600 mm
< 875105445008 WCAP-PSLP  \V-Chip Large Capacitance il 47,0 uF 200V 8,0% 25,0 mO 267 A@105°C 600 pA 121 ma 6,3 mm 6,60 mm 6,60 mm 7,70 mm 2000,0h -65,0°C 105°C  SMT "
< >
875015119003 X 875105240003 875105359004
WCAP-PHGP WCAP-FSLF - 4,0 mm WCAP-PSLF - 5,0 mm
100 4F - B30 ¥ 220 4F - 10.0V 330 F - 160V
Ein- / Ausblenden:
160 160
100 o 100 o
100 100
o
= [re
g e | z e
E
100 m0 100 m0
10 ma2 10 ma2
1 mo 1 mo
100 Hz 1kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 100 Hz 1kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz
Frequenz Frequenz
KONTAKT W
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Ausgangsspannungsrippel

Bauteilparameter aus REDEXPERT ermitteln

100 0

10

Impedanz

100 m 4

10 mt

1 mg
10
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Ausgangsspannungsrippel
Bauteilparameter aus REDEXPERT ermitteln

<« G @ @ @ httpsy//redexpert.we-online.com/redexpert/# 1105 o @ m o & é}

REDEXPERT®  ALUMINUM-POLYMERKONDENSATOREN | ANWENDUNG | ANLETUNG g = -

 ESR] z.=

10 Filter: Artikel-Nr. 3 875105240003

5 Artikel-Nr. Y  Serie % Arikelbeschreibung

|- e

Z@666 kHz

V\.Chip Large Capacit:

875105240003 X @ ZURUSTE

Y

WCAP-PSLF - 4,0 mm
22,0 pF - 10,0V

_ v
= MEHR

=0

Ein-/ Ausblenden:

Impedanz / Frequenz ESR/Frequenz

100 0 I.1
2.2n
100 100
u epEE,y
g - o .
i || g H X .
a2 w .
E ) R1
™ a
100 m 100 mo2 " :
A 14m,
* *
* ®
10 ma 10mQ .Ci
1ma T { 1m0 - A [ A
100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100 MHz 1GHz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100 MHz 1GHz 22"
Frequenz Frequenz .
SITEMAF  COFYRIGHT © 2020 WURTH ELEKTRONIK GMEH. ALLE RECHTE VORBEHALTEN L I n k N4
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Ausgangsspannungsrippel
Bauteilparameter aus REDEXPERT ermitteln

(_

o o e =

C @ @ @ https;//redexpert.we-online.com/redexpert/#/ 110%

ESL:

REDEXPERT"

ALUMINIUM-POLYMERKONDENSATOREN | ANWENDUNG | ANLETUNG < = -

Ye Filter. 630V=Vp=250V Artikel-Nr. = 875105240003

5 Artikel-Nr. Y Sene % Arikelbeschreibung Y Sp.. C

W ZURUSTE

= WEHR

Ein-/ Ausblenden:

Impedanz | Frequenz =0 ESR | Frequenz =0 X
! 1k L —_ !
10001 1000 a)
100 100
"y
. P& b LIPS
2
£ 0 la &
E S5 g o L )
E ¢ * — —
= “ne u— u—
100 mo 100 m0
2T T - y
10 mQ 10 mQ
1mo r { 1 ma r {
100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100 MHz 1GHz 100Hz 1kHz 10kHz 100kHz 1MHz 10 MHz 100 MHz 1G]
Frequenz Frequenz

Link

SITEMAF GOPYRIGHT
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Ausgangsspannungsrippel
Beispiel fur eine schlechte Rippelsimulation

WE—-

WURTH ELEKTRONIK

[’;7 LTspice XV - [3975_12V_5V.raw]
E_;_-Eile View Plot Settings  Simulation  Jools Window Help

P@E T RQARAR B EHRS P20 H o8

1, 3975 12V SVasc ¥ 3975_12V_5Vraw 4, 3375_12V_5V_Ripple asc

i

Cursor 1
Wiout)

Horz:| 2.6876513us Vet:| 5.1731586V

Cursor 2
Wiout)

Horz:|  3.5108953ps Vet:|  5.1756627V

Diff {Cursor2 - Cursar1)

Horz:| 823.24455ns Vert:| 2.5040391mV

Freq:| 1.2147059MHz  Slope:|  3041.67

Left-Click & drag to mowve Cursor 2
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LY Capacitor - C4

S5

Manufacturer: TDK | 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 Capan:'rtann:e[ﬂ:i
« ESR =2 mOhms
« ESL=0nH
 DC-bias?
14


simulation/functional/3975_12V_5V.asc

2020

Ausgangsspannungsrippel
Beispiel fur eine exakte Rippelsimulation

May

W LTspice XVII - 3975_12V_3V_Ripple.asc

File Edit Hierarchy View Simulate Tools Window Help

P d T FOQAUAR|E] ERE &b

M AE LD EITIDDOO

A, 397512V SVase ¥ 397512V 5Vraw T, 3975

12V_5V_Ripple.asc  $% 3975_12V_5V_Ripple.raw

i ===
IN .tran 0 1m 900ps startup
Vi 'L J
EN Vin
14 o
— PG out
dH—ss &
S5 Boost
.002p c3
e A7p L1
Rt SW T o1 l ouTt
5
787K LT3975 S R2 lm Rload
B560C 1Meg Tlﬂp 5.0
<H GnD B gnu
R3
300K
4, 397512V 5V Ripple.asc =l B e

.tran 0 1m 900p startup

Vi
14

Il w]

uL
-P6 out
=
S8 Boost
002y | Jea
R1 A7)
Rt SW T !
78.7K

LT3975

top Lo Jos .
B560C 1Meg |10p
<Henp B
= VESR:
300K
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simulation/functional/3975_12V_5V_Ripple.asc

Ausgangsspannungsrippel
Beispiel fur eine exakte Rippelsimulation

WE—-

WURTH ELEKTRONIK

[ (Tepice ¥Vl - [3975_12V_5V Ripple Split.raw]
P File View PlotSettings Simulation

PEEH D RQAR RiLHERE & B

Tools Window Help

LI

4 3575 12V_5V_Ripple_Splitasc ¥ 3975_12V_5V_Ripple_Spit raw

2 mly, flr niedrige Frequenzen
64 ml,, fur hohe Frequenzen

=)

8 mlpyp

=)

Ladung und Entladung des Kondensators

=)

5mV

x =441ps  y = 18.78mV

L1
2.2n
R1
14m
C1
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... zur EMV-Simualtion

Irgendetwas fehlt noch?

| LE BRAS

3
i
-

M S b ol . b L e
e e S B .

i
:

-
P

o
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EMV-Messung in LTSpice nachstellen f—

Was ist die Schnittstelle zu den leitungsgeflhrten Emissionen? ™ wirm ascmonic

e —
& RoMDE&RSCHWARZ FPC1500 - Spactrum Analyzer

2020 May 14 . Please choose : PUBLIC USE 20

© 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



more than you expect .

EMV-Messung in LTSpice nachstellen

Die Schnittstelle zu den leitungsgefuhrten Emissionen...
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EMV-Messung in LTSpice nachstellen f—

Die Schnittstelle zu den leitungsgefuhrten Emissionen... " WURTH ELEKTRONIK
> Niedrige Frequenz

m Hohe Frequenz

2 X Tiefpass

D.U.T.

L
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EMV-Messung in LTSpice nachstellen f—

Die Schnittstelle zu den leitungsgefuhrten Emissionen... " WURTH ELEKTRONIK

D.U.T.
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EMV-Messung in LTSpice nachstellen
FFT mit vereinfachter Netznachbildung

[T LTspice XVl - 3975-Ripple-Input-MD.asc
File Edit Hierarchy Wiew Simulate Tools Window Help

M T XA =EaR tREMH S8 LB 3 XD OD An op

4, 3975-Ripple-nput-MD.asc 4 3975 Ripple-Input-MD

V(vlisn)*500000

| E | ]

VESR

Vca|

L2
2.2n

R4

19m —
100nF

lzzu
~

:]A.AOUT

Rload

100KHz
L4
Eﬂu H ]l EN Vin J
Ul
—| PG out
250nF Viisn jll— ss LT  Boost i|E3
1in
E R1 A7y L1

T+ V1 R7 w i LT3975 - &EDIH :33”H R2
12.2 50 & oo s Lgmg

—- R3
.tran 0 1m 0.5m 5ns uic 310K
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simulation/emi/3975-Ripple-Input-MD.asc

Realitat / Simulation T

FET mit vereinfachter Netznachbildung

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

gl "

WWWMM
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simulation/emi/3975-Ripple-Input-MD.asc

Realitat / Simulation
Messung der leitungsgeftihrten Emissionen

@ 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

(m1] 264.864 kHz «  78.04 dBuV |

Upper Limit = CISPR22 Class B (AVG)
10 MHz

(it it
] A L M W J}“ | WMLM,J FLMFUU o]

Iyl

Start 150 kHz Step 0.5% Stop 30 MHz
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Realitat / Simulation
Leitungsgefuhrte Emissionen

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

264.864 kHz = 78.04 dBpV

Upper Limit

/ ! l
0GB 50, ; 1 (| S S | , |
: /
{ |

B
‘,."ﬂlm \{{‘[ﬁflﬁ "j\” m i

)

Cémnwvé 1EN L LI> C+am N C 0L
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Realitat / Simulation =~

EMV-Messung = ) (Gleichtaktstorung + Gegentaktstdrung)

@\ 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:
Auto

»ll .

s
il Llw{mkiﬂll ! M ﬂ}

Start 150 kHz Step 0.5% Stop 30 MHz
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Fortgeschrittene Simulation =
EEE —
Design einer realen Netznachbildung WURTH ELEKTRONIK
L L7 Lz (] Lio "
@ YL, R PN R v
LN C?N CBN BLF07A0RM % MELK207/10BM % MELF20710RM % MELF207/10RA % MELF207 /10681 %
— — 1T 1 ——1T3F1—+—1F 1 —+
R7 R& R9 R10 R11
% C12
[
=
E Fesistors WILL be hot under regular mains conditions
=
LTI-5ASFE4GT
LT-SASFS4GT
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[
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™ ]
E E Fesistors WILL be hot under regular maing conditions
= =
Ch
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Fortgeschrittene Simulation... Nl
Simulation der Netznachbildung " WiRTH ELEKTRONIK

[ (Tepice ¥Vl - 3975-Ripple-Input-MCMD.asc

- X
File Edit Hierarchy View Simulate Tools Window Help
P& T FORQRQAAR|E ] SR BN AB L B3 TDNOD An op
1, 3575-Ripple-Input-MCMD asc: ¥ 35975-Ripple-Input-MCMD raw
@0 o |[@[=

MG L= oo
250nF 12 e .tran 0 1m 500us 5ns uic
L RF —1
= = 900nH
=N R10 R7 = |
N u1
5R 50 Coupling VSW
C_ 12.2 Fe out < €10
- f=1
{> |cs —1{ —ss LT Boost 1(3 LF
22F Rl T o voureor
R8 —"\/\— Rt sw —
R9 S0k LT3975 L[‘z]i'“'m gnz L2 .é
5R 30 G Fp (001120 1Meg vesn S22 —
1 RF R3 Re |ca 7
7 - I WA oK Vea 14m 3000k
bt == S00nii 1mR -
__BPF 250nF JerouT —qu . cllll
LS5 100pF J7
LMJ Coupling iPhone
50pH
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E-Feldkopplung in der Realitat " WORTH ELEKTRONIK
= = 4
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Fortgeschrittene Simulation...
Realitat / Simulation

May

14

Frequency Scan

Ref Level
= RF Attenuator
RBW

Start Frequency
Stop Frequency

dBuv
90,00

8500 — SN
I ",

7 Ly

- . | v g
80,00 — %,

! = _. ! )

65,00 - -
|

aamn.______}_____
5500-_____+_____
snmn-——————}—______ﬁ
4509-_____+_____
a0 00 — . |

80 dBuV
10 dB

100 kHz
150 kHz
30 MHz
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Measurement Time 10 ms
Trace Mode Clear / Write
Trigger Mode Free Run
Trace Detector Average
Scan step 0,5 %
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Fortgeschrittene Simulation... o
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E-Feldkopplung in der Simulation hinzufligen WURTH ELEKTRONIK

Vin

ouT

LT Boost

sw
LT3975

Kopplung Gehause/Masseflache
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Fortgeschrittene Simulation... WE=-
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Realitat / Simulation WURTH ELEKTRONIK
4 .
D@ T F0RQARIBIISRE RN S 2
4, 3975-Ripple-put-MCMD ssc ¥os 3975-Ripple-input-MCMD ft §24 3975-Ripple-nput-MCMD raw

V(I_rf)*1000000

'M‘N BT
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Fortgeschrittene Simulation...

Gegentakt- und Gleichtaktstorungen trennen...

IDI\/I

O_

WE—-

WURTH ELEKTRONIK

@ YLy YLy YTV

Fesistars WILL be hot under regular mains conditions

g
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Fesistors WILL be hot under regular mains conditions
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Fortgeschrittene Simulation... =~
Gegentakt- und Gleichtaktstorungen trennen... " WURTH ELEKTRONIK

@ Yy  MTYTTTL g MY YL g SYTYTYTL g YT TYTL o
Fesistars WILL be hot under regular mains conditions Ej
3L‘H %
11 | — N f
C E CM Ycm — VY L
ToT=T

o
<
~
+N

D.U. T

0]+ Part 1

FJ:

Fesistors WILL be hot under regular mains conditions 4
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Fortgeschrittene Simulation...
Gegentakt- und Gleichtaktstorungen trennen...
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Fortgeschrittene Simulation... =~
Gegentakt- und Gleichtaktstorungen trennen... " WURTH ELEKTRONIK

lom! 2

Fesistars

D.U. T
Part 1

Fesistors WILL be hot under regular mains conditions
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Gegentakt- und Gleichtaktstorungen trennen... WURTH ELEKTRONIK
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Fortgeschrittene Simulation...
Gegentakt- und Gleichtaktstorungen trennen...

[ (Tepice ¥Vl - 3975-Ripple- Input-MCMD_Split_Plot.asc
File Edit Hierarchy View Simulate Tools Window Help

Mo T X RAGR [ EHmE b B

#8587 R I FXDDOD Az ap

¥, 3975 Ripple-Input-MCMD_Splt_Plot asc ¥ 3975-Ripple-Input-MCMD_Spit_Plot raw

oo

2 - Gegentaktstorspannung (DM)

250ps 300ps 350ps 400ps

450us

2 - Gleichtaktstorspannung (CM)

-+ 3975-Ripple-Input-MCMD _Split_Plot.asc

B8 Eon ==

it
33pH
ke = R2 L2 =
]
i 2.2n
D B TE Rload
R4 ca 7
310K 14m T,
S5 LA tee o
900nH 1mR <

2
220 c11
ZEROEUT I
I
100pF J7

Couplage capacitif coque iPhone
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2020

Fortgeschrittene Simulation... Nl
Gegentakt- und Gleichtaktstorungen trennen... " WRTH ELEKTRONIK

[‘;T LTspice XVII - 3973-Ripple-Input-MCMD_Split.asc

- X
Eile Edit Hierarchy View Simulate TJools Window Help
PEEDEN QU RIERRE $2EHEE LD 3 YOO An op
4, 3575-Ripple-input-MCMD_Spiit asc ¥ 3975-Ripple-Input-MCMD_Splt raw
| S |[= =

[}7 Select Waveforms to include in FFT

NOTE: Fourier components are nomalized to oK
comespond to the time domain RMS amplitude. -

Ctr-Click to toggle Cancel

IC3) I1L2) I(R9)
liC4) I1L3) I{R10)
IC5) IiL4) IR11)
out) i IiCE) I{L5) I{Rload)
fswn) {n007 IC7) (L6} I0v1)
Vivcapa) i C8) I1(R1) (L1 :Boost;
Vivesr) i Iics) I{R2) e{U1-EN)
Vivineut) i IC10) I(R3) {U1-FB)
Q\ Zoomto Fit V(zeroewt) i Hc11) I(R4) Ix{LI1.GND)
: Vin001) ( I{D1) IR7) {U1OUT)
e Vin0o2) 1) IR8) w(U1-PG)

g Add Traces &%, Mark Data Points
Add Plot P g AT Number of data point samples in time:
Plot Pane Visible Traces

I —— . 450ps

Delete this Pane Select Steps LEMpolale uncaor
~ - Time range to include
4, 3975-Ripple-Input-MCMD_Split.asc |7 Sync. Horiz. Axes Step Legend _ =[]
Draw R % Manuel Limite Start Time: s tg) Use Extent of Simulation Data
v = (_) Use cument zoom Extent
l fs‘a;cl: l Edit » A Reset Colors End Time: (O) Specify a time range
- G
FFT
<5 Marching Wavefarms b % Binomial Smocthing done before FFT and windowing
SPICE Error Log
| File 3 Dlot Defs File Number of Points |I =
; I_ Float Window B8 Copy bitmap to Clipboare Windowing (Periodic and nomalized to unit area)
12.2 —
o8] write image to .em file U R none) v
A :

540k E

LT397 =

|_RF 5}

Rload
S sonr MNOTE: The DC component is removed before windowing. o
n
8uF
T L5 T L& Ri1 }onF
00 s Reset to Default Values
S0uH 500nH 1mR
—qu l c11
ZEROEUT L
100pF
Couplage capacitif coque iPhone
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simulation/emi/3975-Ripple-Input-MCMD_Split.asc

Fortgeschrittene Simulation...

Gegentakt- und Gleichtaktstorungen trennen...

[T | Tspice XVIl - [3975-Ripple-Input-MCMD_Split.fft] — O *

E;-Eile View Plot Settings  Simulation Tools  Window Help _ 8 %

S~ lkd BRAQR RIAIHB® & B2EH DS

+ 3975-Ripple-Input-MCMD_Splt asc ¥ 3575-Ripple-input-MCMD_Splitfit  $ 3375-Ripple-Input-MCMD_Splt raw

Traces einfugen:

= rechts Klick

= Add Traces

WE—-

WURTH ELEKTRONIK

B-T Add Traces to Plot x
Only list traces matching
|
Available data: Asterisks match colons Cancel
Win_rf)
frequency

Expression|s) to add:

[Vi_tF.n_f) V_fr\i_ef)

10KHz 100KHz 1MHz 10MHz  100MHz

x = 9.641MHz y = -12.162dB
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simulation/emi/3975-Ripple-Input-MCMD_Split.asc

O_

Fortgeschrittene Simulation... =~
Darstellung der Simulationergebnisse WORTH ELEKTRONIK

i B )

= Skalierung in dBuV

= Einflgen des Grenzwertes in LTSpI

* Frequenzbereich definieren
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Fortgeschrittene Simulation...
Darstellung der Simulationergebnisse

[‘;I Add Traces to Plot )4
Only list traces matching
|

Available data: Asterisks match colons Cancel
Win_r)
frequency

Expression(s) to add:

|w1 £.n_f) VI_FRVI_F)

Aufange \
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1V = 1000000pV

1dBV = 120dBpV
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Fortgeschrittene Simulation... WE=-
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Darstellung der Simulationergebnisse WORTH ELEKTRONIK
Y [Tepice KVIl - [3975-Ripple-Input-MCMD_Split.ft] - X
e e —

—
Addt Cirl+A -
{3975 Ripple | ¥ rase T8 lputMCMD_Spit it $% 3975 Ripple-input-MCMD._Spit raw

100KHz 100MHz
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Fortgeschrittene Simulation...

Darstellung der Achsen

Messwerte
OkHz bis 30 MHz

0 bis 100dBuV

2020 May 14

| 3975-Ripple-Input-MCMD _Split_Plot.plt - Editor — O *
Datei Bearbeiten Format  Ansicht  Hilfe
[FFT of time domain data]
{
MNpanes: 1
{
traces: 2 {65548,8,"V(1 rf,n rf)*580000"} {3,0,"(V(1 rf)+V(n PF}}*SBBBBB”}'
: ("M',0,9800,2.9991e+086,3e+087)
y[el: (* ',e,1,10,100000)
YLl | K ,9,-//000,/000,/000)
log: 1 2 8
GridStyle: 1
PltMag: 1
Line: "dB™ 13 @ (9000,316227.766016838) (50000,316227.766016838)
Line: "dB" 13 @ (50000,316227.766016838) (50000,31622.7766016838)
Line: "dB" 13 & (58000,31622.77660816838) (150000,100080)
Line: "dB" 13 @ (150000,10000) (150000,1995.26231496888)
Line: "dB™ 13 @ (15008@,1995.26231496888) (500000,630.957344480193)
Line: "dB™ 13 @ (580000,630.9573444806193) (5000000,630.957344480193)
Line: "dB" 13 & (5800000,630.957344480193) (5000000,1000)
Line: "dB" 13 @ (5000000,1000) (30000000,1000)
¥
¥

Zel, S5p2 100%  Unix (LF) UTF-16 LE
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Fortgeschrittene Simulation... Nl

—_——O
Darstellung des Grenzwertes WGRTH ELEKTRONIK
Line Start End Amp dBuV start  |Amp dBuV stop ILine def for LTSPICE
1 9000 50000 110 110 Line: "dB" 13 0 {(9000,316227.766016838) (50000,316227.766016338)
2 50000 50000 110 90 Line: "dB" 13 0 |(50000,316227.766016838) (50000,31622.7766016838)
3 50000{ 150000 90 80 Line: "dB" 13 0 |(50000,31622.7766016838) (150000,10000)
4| 150000| 150000 80 66 Line:"dB" 13 0 |(150000,10000) (150000,1995.26231496888)
5| 150000| 500000 66 56 Line: "dB" 13 0 |(150000,1995.26231496888) (500000,630.957344480193)
6| 500000| 5000000 56 56 Line: "dB" 13 0 |(500000,630.957344480193) (5000000,630.957344480193)
7| 5000000 5000000 56 60 Line: "dB" 13 0 |(5000000,630.957344480193) (5000000,1000)
8| 5000000 3E+07 60 60 Line: "dB" 13 0 |(5000000,1000) (30000000,1000)
| 2975-Ripple-Input-MCMD_Split_Plot.plt - Editor - O * -
G re n Zwe rt aut Datei Bearbeiten Format Ansicht  Hilfe ko p I e re n
[FFT of time domain data] "
{

Norm ?panes: 1

traces: 2 {65548,8,"V(1_rf,n_rf)*500000"} {3,0," (V(1_rf)+V(n_rf))*500000"}
X: ("M',0,9000,2.9991e+006,3e+007)

Y[e]: (' ',e,1,10,100000)

Y[1]: {'K',a,-??aaa,maa,?aaiﬁ_ . ..

Log: 12 0 er einfuge

Gridstyle: 1 I r In u n

BltMac- 1

Line: "dB" 13 & (9068,316227.766816838) (508008,316227.766016838)
Line: "dB™ 13 @ (50000,316227.766016838) (50000,31622.7766816838)
Line: "dB" 13 @ (50680,31622.77660816838) (150600,10008)
Line: "dB" 13 @ (156000,10060) (150808,1995.26231496888)
Line: "dB™ 13 8@ (15000@,1995.26231496888) (500000,630.957344488193)
Line: "dB" 13 & (5006000,630.957344480193) (5000000,6308.957344486193)
Line: "dB" 13 @ (5000000,630.957344480193) (5000000,1000)
Line: "dB" 13 @ (5000000,1000) (36000000,1000)
¥
} v
Ze2 Sp2 100%  Unix (LF) UTF-16 LE
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simulation/emi/LTSpice Limit lines calculator.xlsx
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Fortgeschrittene Simulation... WE=-

= —
Darstellung der Simulationergebnisse — Gelungenes Ergebnis ™~ wism sexmonix
APy g ® - 5

Me d T RAARIELHERDRE s H &3 2

4 3575-Ripple-Input-MCMD_Spit_Plot asc ¥ 3375-Fipple-input-MCMD_Spit_Plotfit ¥ 3575-Ripple-input-MCMD_Spit_Plot raw

Grenzwer

100KHz

x = 623.799KHz y = 70.652dB
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more than you expect .

o_

EMV-Filter Design mit LTSpice f—

Polymerkondensator "~ WURTH ELEKTRONIK

C6 = 330pF/35V
WCAP-PSLC
875075661010

F Capacitor - Co

Marufacturer: ——
Part Mumber: ——

Type: ——
Select Capacitor
Capacitor Properties
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EMV-Filter Design mit LTSpice o=
Gut zu wissen — Simulation beschleunigen " WURTH ELEITRONIK

[ Component Attribute Editor X Initialzustand setzen:

Open Symbol: C:\Users"Markus thoss'Documents TspiceXVII"ib‘\sym*cap i .
o ” “ = Strg + Rechts Klick

= SpicelLine2

Agtribute Value Vis, ™ ] |C: 12 _ 2V
InstName Ce X
SpiceModel
Vae J330p X
Value2
Spiceline Rser=11m Lser=4.7n Rpar=15k
Spicelined ic=12.2
W
Cancel OK
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EMV-Filter Design mit LTSpice o=
Ohne Polymerkondensator ~ WORTH ELEKTRONIK

BT LTspice XVl - [3975-Ripple-Input-MCMD_Split_Plot.fft] @ —
[i. File View PlotSettings Simulation Tools Window Help

Me d T RAARIELHERDRE s H &3 2

1, 3575-Fipple-Input-MCMD_Spit_Plot asc ¥ 3575 Ripple-input-MCMD_Split_Plot fit ¥ 3575-Ripple-Input-MCMD_Spit_Plot raw

Grenzwer

100KHz

x = 623.799KHz y = 70.652dB
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EMV-Filter Design mit LTSpice

Mit Polymerkondensator

[ (Tepice ¥l - [3975-Ripple-Input-MCMD_Split_Plot_Polymer ] -
[i. File View PlotSettings Simulation Tools Window Help (-E}

MeE d T RAAR BRI ERE s H 53| 2

1, 3575-Ripple-Input-MCMD_Spit_Plot_Folymer asc ¥ 3975 Ripple-Input-MCMD_Split_Plot_Polymer fit ¥ 3575-Ripple-Input-MCMD_Spit_Plot_Polymer raw

Grenzwer

- r . r 1T T T 'I"'1_'i"_|'___"_"_' B R

e —
100KHz 10MHz

Right-Click to set up phase/group delay plotting parameters
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simulation/emi/3975-Ripple-Input-MCMD_Split_Plot_Polymer.asc

O_

EMV-Filter Design mit LTSpice o=

—_ 00—

LC'F| |ter WURTH ELEKTRONIK

tran 0 1m 0.5m 5 C6 = BBOHF/35V

l 13 VINEUT WCAP-PSLC

[ Capacitor - C12 X I 875075661010

EN

Manufacturer:  —— u1

Part Mumber: ——

Type:  —— Cancel —pG L7 — 10“H/142A

Select Capacitor

) ! -
Capacitor Properties Copactancelf — L:II i lﬁjﬂuﬁ | S— Cl WE PD2

Vokage RatinglV: | | TZZIJ ::33D|J 1In S5 1.7 7 4 47 7 3 10

RMS Curent Rating[Al | |
Equiv. Series Resistance[]: WY Rt

Equiv. Series Inductance[H]: LT3975 C 12 — 22 HF/B 5V
qujlixi'. Parallel Hesist.ance[ﬂ]: = GND WCAP_ P S H P

o R11 875115655011
40—

900nH 1mR
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EMV-Filter Design mit LTSpice
Ohne LC-Filter

[ (Tepice ¥l - [3975-Ripple-Input-MCMD_Split_Plot_Polymer ] - X
[i. File View PlotSettings Simulation Tools Window Help (-E}

MeE d T RAAR BRI ERE s H 53| 2

1, 3575-Ripple-Input-MCMD_Spit_Plot_Folymer asc ¥ 3975 Ripple-Input-MCMD_Split_Plot_Polymer fit ¥ 3575-Ripple-Input-MCMD_Spit_Plot_Polymer raw

Grenzwer

- r . r 1T T T 'I"'1_'i"_|'___"_"_' B R

e —
100KHz 10MHz

Right-Click to set up phase/group delay plotting parameters
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EMV-Filter Design mit LTSpice o=
Mit LC-Filter T WURTH ELEKTRONTK

[ (Tepice ¥l - [3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF £#] - X
[i. File View PlotSettings Simulation Tools Window Help (‘)

MeE d T RAAR BRI ERE s H 53| 2

1, 3575-Ripple-Input-MCMD_Spit_Plot_Folymer_DMF asc ¥ 3575-Ripple-Input-MCMD_Split_Plot_Polymer_DMF ff ¥ 3575-Ripple-Input-MCMD_Spiit_Plot_Folymer_DMF raw

Grenzwer

||. ||i”|L|| IL | %

100KHz

x=4941MHz  y = 29.710dB
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simulation/emi/3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF.asc

EMV-Filter Design mit LTSpice
Gleichtaktdrossel

¥ Component Attribute Editor X

C:\Users\Markus thoss\Documents\L Tspice XVII'libsym'\Wurt

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

o_

WE—-

WURTH ELEKTRONIK

U2 =2 x 10mH/0.7A
WE-CMB XS
744821110

more than you expect .
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simulation/emi/3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF.asc

EMV-Filter Design mit LTSpice
Ohne Gleichtaktdrossel

[ (Tepice ¥l - [3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF £#]
[i. File View PlotSettings Simulation Tools Window Help

P& T RAAR BRI ERE 4B

[u]

1, 3575-Ripple-Input-MCMD_Spit_Plot_Folymer_DMF asc ¥ 3975 Ripple-Input- MCMD_Splt_Plot_Polymer_DMF fit ¥ 3575-Ripple-Input-MCMD_Spiit_Plot_Folymer_DMF raw
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90dB
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0dB

x = 548.767KHz y = 37.923dB
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EMV-Filter Design mit LTSpice
Mit Gleichtaktdrossel

[ (Tepice ¥Vl - [3875-Ripple-Input-MCMD_Split_Plot_Polymer_DMF_CMC.§t]
[i. File View PlotSettings Simulation Tools Window Help

MeE d T RAAR BRI ERE s H 53 2

1, 3575-Ripple-Input-MCMD_Spit_Plot_Folymer_DMF_CMC asc ¥ 3975 Ripple-Input-MCMD_Splt_Plot_Polymer_DMF_CMC ft ¥+ 3975Ripple-Input-MCMD_Spit_Plot_Polymer_DMF_CMC raw

100dB

90dB - ?*I i
80B
70dB
60dB

50dB

40dB

30dB

20dB

10dB

0dB
10KHz 100KHz

x = 357.985KHz  y = 49.517dB
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simulation/emi/3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF_CMC.asc

more than you expect .

EMV-Filter Design mit LTSpice ol
Y-Kondensatoren ~WURTH ELEKTRONK

U2 =2 x 10mH/0.7A
WE-CMB XS
744821110

C13-14 = 4.7nF/250VAC
WCAP-CSSA MLCC
8853522140011
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EMV-Filter Design mit LTSpice
Ohne Y-Kondensatoren

[ (Tepice ¥Vl - [3875-Ripple-Input-MCMD_Split_Plot_Polymer_DMF_CMC.§t]
[i. File View PlotSettings Simulation Tools Window Help

MeE d T RAAR BRI ERE s H 53 2

1, 3575-Ripple-Input-MCMD_Spit_Plot_Folymer_DMF_CMC asc ¥ 3975 Ripple-Input-MCMD_Splt_Plot_Polymer_DMF_CMC ft ¥+ 3975Ripple-Input-MCMD_Spit_Plot_Polymer_DMF_CMC raw

100dB

90dB - ?*I i
80B
70dB
60dB

50dB

40dB

30dB

20dB

10dB

0dB
10KHz 100KHz

x = 357.985KHz  y = 49.517dB
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EMV-Filter Design mit LTSpice
Mit Y-Kondensatoren

[ (Tepice ¥l - [3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF_CMC_YCAP.ft]
[i. File View PlotSettings Simulation Tools Window Help

P T QAR | HRE s BEdMH HS D

4 3575Ripple-Input-MCMD_Spit_Plot_Polymer DMF_CMC_YCAP asc ¥ 3975-Ripple-Input-MCMD_Spit_Plot_Polymer_DMF_CMC_YCAPfft ¥ 3575 Ripple-input-MCMD_Split_Plot_Polymer_DMF_CMC_YCAP raw

100dB

0ds Gegentakt

80dB

70dB

60dB

50dB

40dB

30dB

20dB

10dB

OdB _I_I_I_I_I_l___l—_l_l"_l__l_'l_r_l_‘l___ '"___'I_____"I""'_i'“""'l"""I"'""l"""'I"””I"”'”I A

10KHz 100KHz 1MHz

Right-Click to set up phase/group delay plotting parameters
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simulation/emi/3975-Ripple-Input-MCMD_Split_Plot_Polymer_DMF_CMC_YCAP.asc

O_

Zuruck zur Realitat ==

—_ 00—

Gleichtakt- / Gegentakttrennung mit Netznachbildung " WRTH ELEKTRONIK

WE-STST
74930000
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& Antworte

Wir sind jetzt fur Sie da. Fragen Sie uns direkt im Chat
oder schreiben Sie uns eine E-Mail.

% eiSos-webinar@we-online.com

P

Y S Markus.Thoss@we-online.de
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