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I&2E=] \Webinar 1 (Power): conclusions

e power inductors inductance and DC and AC power losses can

be easily measured by means of an oscilloscope

 power Iinductors saturation does not cause ripple increase,
losses increase and thermal instability, provided that the

iInductor is intelligently chosen

e saturating inductors may outperform non-saturating inductors
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(&2E] \Webinar 2 (Control): conclusions

« the effects of power inductors saturation on the operation and

performance of SMPS control can be mathematically predicted

« SMPS control technigues sensitive to inductors saturation, like
hysteretic and peak-current mode, do not undergo performance
degradation or instability issues if the saturating inductor is
selected and validated under the worst-case OCP, OVP, and

UVP conditions

e (de)saturating inductors allow size/weight and switching loss

reduction compared to non-(de)saturating inductors
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2} Webinar 3 (EMI): questions

« (Can saturable inductors cause EMI issues?
« Can saturable inductors be used in EMI filters design?

« Can saturable inductors provide benefits in EMI reduction?
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IG2E) reminder: sustainable saturation operation

NO _YES

I Lmin I Lmax I L I Lmin I Lmax | L

I, max = DC inductor current under worst-case operating conditions (OCP, UVP, OVP, T,,.,)
PL@IL,max < Pmax’ Tcore@IL,max < Tmax
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EMI
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IGAEY SMPS design

the good job the bad job
EMC certificate EMC certificate
EMI measurements EMI-measurements
hardware prototype hardware prototype
design validation design validation
PCB layout design PCB layout design
system design system design
design decisions design decisions
problems analysis problems analysis

design specifications design specifications
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IS0 EMI issues

— EMC regulations
— conducted and radiated EMI
— measurement setup

— noise analysis and understanding
= sSources
= mechanisms
= paths
= Dpoosters
= mixing
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EMI in power converters
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2l EMI spectrum in power converters

pwr devices

&
PCB layout

control chip switching
special features frequency
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Input Noise
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power converters testing tools

TI-PMLK Buck TI-PMLK Boost TI-PMLK Buck-Boost

T-PMLKBuck [ T-PMLK Boost /. TI-PMLK BuckBoost
olep dow N f Stey i -~ Manage your vollage magnitudi

jo0wn you P up your voltage

TI-PMLK Buck Wurth Elektronik TI1 Power Electronics Board for NI
TI-PMLK LDO Edition ELVIS Il

https://university.ti.com/en/faculty/teaching-materials-and-classroom-resources/ti-based-
teaching-kits-for-analog-and-power-design/power-management-lab-kit-series
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GFE] TI-PMLK BOOST: de-saturating vs linear inductor test

) ) V,.=10V,V, =24V, |,,= 0.4/0.2 A, f,= 300 kHz
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TI-PMLK BOOST: test setup
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G2 TI-PMLK BOOST: high-current waveforms
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I&2E) TI-PMLK BOOST: high-current current spectrum
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IG2E] T1-PMLK BOOST: high-current voltage spectrum
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ISR TI-PMLK BOOST: low-current waveforms
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(SFEY TI-PMLK BOOST: low-current current spectrum
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(SFEY TI-PMLK BOOST: low-current voltage spectrum
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Input Filter
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Input filter: coducted EMI limits
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Input filter: buck converter
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el Input filter: attenuation
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£l Input filter: resonance frequency
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2} Input filter: inductor constraints
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2} Input filter: impact on loop gain

+
AVin
Aduty Av. v
M PWM modulator €| controller
1+ S 1+ é
_ G =G Wr Zy
Gvc = Gvc,nf H,, venf 0 2 H, 7
1+ + Zo
an (1)1% 1+ ZD

N.Femia, Impact of inductors saturation on EMI - IPERA-R&S Webinar - June 7th 2022

ROHDE&SCHWARZ ®



| N\
| w

2 Input filter: converter input impedance
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Input filter: filter with low output impedance
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Input filter: resonance-free loop gain

Loy LK Zn,Zp = Gy = Gvc,nf

40 T TTTTTT T T TTTTTIT T T T TTTITT T T TTIIITT T T TTTTTTT
' P ow o w w ' Poon oW s mEaww : * % % oEomEEw . = ox owow e i Ponow or n s
P owoa w wa ' Poon oW s mEaww ' * % % oEomEEw . e o i Pon oW or nE s

-40

magnitude [dB]

-80

_120 i HE . I ; i3 11111115 i HE p i iid - i HE RN o
10 10 10 10 10 10 10
frequency [Hz]

90 H R R R EL H HER R LEL H HER LR RLL
' v w s . Pon ow ommamne . * m s s aamw
' v w s . Pon ow s mamne . s m s s aams
' v w s . Pon ow s mamne . s m s s aams

phase [deg]

_270 H H IIIIIH3 i 111111114 i 111111115 H HE p i i I.I.ll.lI.T H I 8
10 10 10 10 10 10 10
frequency [Hz]
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Input filter: filter with large impedance

magnitude [dB]

phase [deg]

-120 : iiiiiiii3 R R

-360

Lo = Zn,Zp

S 4 S S O 4 3 4 A A A T,

I

_______________________________

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

b 2o aami e e e naas

—
o
o

10°
frequency [Hz]

4
10 10 10

8
10

WO——Tmmr T T

—————————————————————————————

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

raa ot L an for v 20 o

o

———————————————————————————————————————————————————————

(SR
Bl Bl
. -
| el

5 6
10 10

frequency [Hz]

4
10 10 10
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Input filter: resonance-affected loop gain

Zo ~ ZN’ZD - Gvc + Gvc,nf

T TTTTTT T T T TTTTTT T T T TTTOITT T LI TTTITTT T
T ' T . T . « ox owow we '
T ETET . L . . . '

40 :
5 H

______

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

_______________________

________________

magnitude [dB]

I T TTTTTT T
T '
. '

________________

____________

_120 H HE IIIHL3 i HE | i H 11111115 H H 111111116
10 10
frequency [Hz]

8
10

90

T saaall

_________________
[ [

-90
-180
-270
-360

phase [deg]

-450

_540 i H IIIH[3 HEH .
10 10
frequency [Hz]
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el Input filter: damping

Ry L, L
5 MY YL . .
L; R, L

R. W. Erickson, “Optimal single resistors damping of input filters”, 14th Annual Applied Power Electronics Conf. and Expo. (APEC), Dallas, March 1999
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2} Input filter: design equations

Ld Rd

Lout RL iL lout

ESRCout

5 TCin ‘D-I CoutT o-

fo = Lo =als (a>1) — =K1

1 Pl 3
L., > / 1 Pf,max
=4 (ano)zcin )

— e o o o e
o o o o o e

1 1
E T+ E < (Zﬂfo)zcin

N. Femia, G. Di Capua, "Optimum Design of Differential-Mode Input Filters for DC-DC Switching Regulators," 2021 IEEE Int. Symp. on Circ. and Sys. (ISCAS), Daegu, 2021
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£l Input filter: optimal damping

Ld Rd

+

Av, =
| |
7 hSER | P4 i i
ZO £ = \/2(1 + a)(l + Za) ‘-_----0-1-9-t- _______________ _> /’___Rd = Rd,Opt : Ld > Leq(l + a) :
P 27Tfocin : :
I P I
. R <— fmax !
: IinDC,max |
1+ 2a ! : :
fopt = f ' | 1o 1l+a
opt °12(1 + a)  fot ' Raopt = m ;

________________
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ISFEY Input filter: design example

V, =5V
Lout RL iL lout
I, =1.2A
V, =33V
f,, =400 kHz
C.= 50 uF
ESRC, =5 mQ LI
Att, = 73.4 dBpV Leq @
L :
N=90% L—d =1l+4+a
P|0ss=440mW e;
L. =15 uH 30 pH i Ry <— fmax |
e _____{ _______ _7 IinDC,max i
15 uH <L, < 30 l+a |
o dopt = 57~ |
15 HH 0 . P 27TfOCin !
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Input filter: loss budget allocation

V, =5V

L =12A
V=33V
f_,=400 kHz

C,= 50 uF
ESRC, =5 mQ
At = 73.4 dBuV

' |

2 | 11.4 : L |

1=90% 88 li=i=1+a
P ,=440mW 5 22 38.5 | o
! Pf,max I

IinDC,max =0.88A : Rf < 12 :
: DC, I

.~ 15 uH 10 44 57.0 : in 1v:ax :
I a |

Reopt = e

20 88 114.0 Y d,opt 27Tf0 Cin /'

—————————————
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Input filter: design options

power inductors with 15 pH <L <33 pH and R < 114 mQ

smallest parts with 57.0 mQ < R; <114 mQ
Isat [A] vs Rf [Ohm]

1.E+02 PartCode  L[uH] R[mQ] Isat[A] Vol. [mmd]
oot | @ "‘ 744062220 22 100.0 0.95 113
1 E+01 5. 744071220 2 650 1.9 296
."l! .;% s . . . 744071330 33 950 15 296
(-] .. ] ° )
1.E+00 ° L - '2' ° o: ° smallest parts with 38.5 mQ < R; < 57.0 mQ
Part Code L [uH] R [mQ] Isat[A] Vol. [mm3]
LE01 204 504 20% 7447773150 15 530 3.1 252
R, 78439346150 15 420 7.4 264
0 0.02 0.04 0.06 0.08 0.1 0.12 74439346150 15 420 7.4 264

Volume [mm?3] vs Rf [Ohm] smallest parts with 11.4 mQ < R; < 38.5 mQ

1.E+05 Part Code L[uH] R[mQ] lIsat[A] Vol. [mm3]
Volume © = 744066150 15  37.0 325 403
1.E+04 & — 784325160 16.7 345 7.8 503
e g g 7447714150 15 36.0 4.1 541

1.E+03 © "ﬁ s Jg
. h R, & “oag B o ogio 8 ® smallest parts with R; < 11.4 mQ

1.E+02 i g I Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
78439370150 15 105 26.1 2622
1.E+01 R, 74435571500 15 0.0 14 3212
0 0.02 0.04 0.06 0.08 0.1 0.12 7443782012150 15 46 129 5049

[https://www.we-online.com/catalog/en]
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Input filter: design with saturating filter inductor

Inductance

Temperature Rise

power inductors with 15 pH <L <33 pH and R; < 114 mQ

La=18 tH @ lipe max= 0-9A

\

P.<20%P,. .

35 uH

\

30 pH A
25 pH
20 pH -
15 pH A
10 pH A
5 HH A

=

| = 744071220
=— 744071330
| == 744062220

I
—

OH
0A

500 mA 1A
Current

3.5A

L=LA—-> 1l =12>a=5->L; =90uH, Ry ops = 3.26Q

70 K
60 K
50 K 1
40 K 4
30 K 1
20 K -
10K

0K -
0A

: C B

1

1

: A — 744071220
! — 744071330
: — 744062220
1

1

1

500 mA 1A 15A 2A 25A 3A

Current

=smallest parts with 57.0 mQ < R; < 114 mQ :

| PatCode  L[uH] R[mO] isat[A] Vol.[mm?] |
| A-744062220 22 1000 095 113 |
| B-744071220 22 650 19 296 |
| C.744071330 33 950 15 296 4

smallest parts with 38.5 mQ < R; < 57.0 mQ

Part Code L [uH] R [mQ] Isat[A] Vol. [mm3]
7447773150 15 53.0 3.1 252
78439346150 15 420 7.4 264
74439346150 15 420 74 264

smallest parts with 11.4 mQ < R; < 38.5 mQ

Part Code L [uH] R [mQ] Isat[A] Vol. [mm3]
744066150 15 37.0 3.25 403
784325160 16.7 345 7.8 503
7447714150 15 36.0 4.1 541

smallest parts with R; < 11.4 mQ

Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
78439370150 15 105 26.1 2622
74435571500 15 9.0 14 3212
7443782012150 15 46 129 5049

[https://www.we-online.com/catalog/en]
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Input filter: optimal damping inductor

power inductors with 100 pH <L <150 pH and 2Q < R, < 5Q

0
P:<20%P,
160 pH{— _ 2 _ _ 0
Ja0 ] ! P+ Py= (0.1Q//4.250Q)0.9%2 = 79mW = 18 YoP) s
g 120 pH; :
C 100 pH -t 74404042151
©
8 souH | CE N — 7447732210
2 cout| ! = 744032101
40 pH | F
on DX : . | | | I smallest parts with 2 Q <R <5 Q :
0A 100 mA 200 mA 300 mA 400 mA 500 mA 600 mA 700 mA : Part Code L [MH] R [mQ] Isat [A] Vol. [mm3] |
Current I D-744032101 100 425 0.25 16 :
L;=LD— Ry = 4.25Q - /ag max—20mA | E-7447732210 100 2.42 0.41 22
LF- 74404042151 150 285 _ 045__ 26 _ |
60 K +
A : F Bode Diagram
.= 50K 1 D
o ¢ E 10
Y as0k{ !
2 : 74404042151
SEUS — 7447732210
— 744032101
& 20k{ 1 ©
© i 3
Fo10k{ ! 2
0K - T | E— Y T T T T T @
0A : 50 mA 100 mA 150 mA 200 mA 250 mA 300 mA 350 mA 400 mA = 2
Id,max= 20mA Current
0

[https://www.we-online.com/catalog/en]
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Input filter: design with non-saturating filter inductor (1)

power inductors with 15 pH <L <33 pH and R; < 114 mQ
smallest parts with 57.0 mQ < R; <114 mQ

16 pH t ] Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
14 pH ! 744062220 22 100.0 0.95 113
g 12 pH i 744071220 22 65.0 1.9 296
g 10K | == 78439346150 | 744071330 33 950 15 296
g 8 pH | - 74439346150
T g | == 7447773150
T M- smallest parts with 38.5 mQ < R; <57.0 mQ
2 uH 7 Part Code  L[uH] R[mQ] lIsat[A] Vol. [mm3]
D H T 1 T T —
oA o i o o on oa A - 7447773150 15 53.0 3.1 252(2.23x)
Current B - 78439346150 15 420 7.4 264
C - 74439346150 15 420 7.4 264
lf ~1->a=11-L; = 165uH, Rd,opt = 6.53()
smallest parts with 11.4 mQ < R; < 38.5 mQ
. o ! A BC | Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
Z S0K1 : ! 744066150 15 37.0 3.25 403
@ a0k ! ! 784325160  16.7 345 7.8 503
=] 1 | == 78439346150
T 30K ! | == 74439346150 7447714150 15 36.0 4.1 541
g ' | - 7447773150
] . _
§ " : | smallest parts with R; < 11.4 mQ
10 K A |
- ' . Part Code L[uH] R[mQ] Isat[A] Vol. [mm3]
oA 1A A 1a i . A 78439370150 15 105 261 2622
Current 74435571500 15 90 14 3212

7443782012150 15 46 12.9 5049

[https://www.we-online.com/catalog/en]
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Input filter: design with non-saturating filter inductor (2)

power inductors with 15 uH

0
P:<5%P, s
18 pH T :
16 pH - .
o l4pH ; i
g 12pH I i
B 10uH ! | == 7447714150
5 8 uH | B i = 784325160
S H I A | == 744066150
£ 6pH- ! !
1 4
4 pH 1 !
2 pH | C |
OH 1 T : ] : |
0A 2A 4 6A 8A 10 A 12 A 14 A
Current
[r=1->a=11- Ly = 165uH, Ry ops = 6.53Q
60 K - ]
@ C I
D 50K -
- :
@ 40k :
= i — 7447714150
O 30K | == Not Available
g | == 744066150
£ 20K !
@ i
F 10k |

0K T T T
2A 25 A

Current

0A 500 mA 1A 15A 3A 35A 4 A 4.5 A

<L <33 pH and R; <114 mQ

smallest parts with 57.0 mQ < R; <114 mQ

Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
744062220 22 100.0 0.95 113
744071220 22 65.0 19 296
744071330 33 950 15 296

smallest parts with 38.5 mQ < R; < 57.0 mQ

Part Code L [uH] R [mQ] Isat[A] Vol. [mm3]
7447773150 15 53.0 3.1 252
78439346150 15 420 7.4 264
74439346150 15 420 74 264

I | smallest parts with 11.4 mQ < R; < 38.5 m()

: Part Code L [uH] R [mQ] Isat[A] Vol. [mm3] :
| A—744066150 15 37.0 3.25 403 (3.57x)1
I B-784325160 16.7 345 7.8 503

I c-7447714150 15 36.0 4.1 541 !

smallest parts with R; < 11.4 mQ

Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
78439370150 15 105 26.1 2622
74435571500 15 9.0 14 3212
7443782012150 15 46 129 5049

[https://www.we-online.com/catalog/en]
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Input filter: design with non-saturating filter inductor (3)

power inductors with 15 pH <L <33 pH and R; < 114 mQ

P<2%P, < smallest parts with 57.0 mQ < R; <114 mQ
Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]

16 uH
14 pH - 744062220 22 100.0 0.95 113
g 2w s 744071220 22 650 1.9 296
s 10w — 74435571500 744071330 33 950 15 296
S 8pH = 7443782012150
T GuH- = 78439370150
IR , smallest parts with 38.5 mQ <R; <57.0 mQ
2 BHT C Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
D H . T T 1 L II
0A 5A 10 A 15 A 20A 25 A 30 A 35 A 40 A 7447773150 15 3.0 3.1 252
Currant 78439346150 15 420 7.4 264
74439346150 15 420 7.4 264
lf ~1->a=11-L; = 165uH, Rd,opt = 6.53()
smallest parts with 11.4 mQ < R; < 38.5 mQ
N jg :_ : C Part Code L [uH] R[mQ] Isat[A] Vol. [mm3]
e | 744066150 15 37.0 3.25 403
S B 784325160 167 345 7.8 503
= 1 = 74435571500
B a0kq! — 7443782012150  TA47714150 15 36.0 4.1 541
s | I smallest parts with R; < 11.4 mQ :
|_
10K ; Part Code L[uH] R[MQ] Isat[A] Vol. [mm3] 1
R a oA o oA . o a I A-78439370150 15 105 26.1 2622 (23.2x) 1
Current | B- 74435571500 15 9.0 14 3212
I 7443782012150 15 46 12.9 5049 |

L----------------------

[https://www.we-online.com/catalog/en]
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CLOCK TRACK ENABLE
2 2 3
i@ i@ 0

CLOCK TRACK ENABLE

L) Part Code  L[uH] R[mQ] lIsat[A] Vol. [mm?3]

&@&J 744062220 22 100.0 0.95 113

35 pH

30 pH

Y 25 pHA

é 20 pH -

3 15 uH1
| Eﬁgﬁgm %l - o

LM3475 Input 5-10V Output 3.3V/1.2A SOH: | 744062220
0A 500 mA 1A 1.5A 2A 2.5A 3A 3.5A
¥ = = C
Tl - PMLK %_: urrent
A ® *y:{%}géummm
Part Code L[uH] R [mQ] lIsat[A] Vol. [mm3]
744032101 100 4.25 0.25 16

160 pH

140 uH

8 120 pH

S 100 pH

‘g 80 pH

g 60 uH

40 pH
744032101
0A 100 mA 200 mA 300 mA 400 mA 500 mA 600 mA 700 mA

Current
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Input filter: test setup

R&S RT-ZC20B
current probe

J\ | 3475 inputs-10v Output 3.3vi1.24

.......... Tl - PMLK Eﬁ
.......... WE Edition e o

WEBUCK REV 1
o Technology by
A ® w INSTRUMENTS
|
||

TPS54160 Input6-18V Output 3.3V/1.2A

'32) ROMDEASCHWANZ  NGE100 - Power Supply Series

m ™™

wre[0 O} -cuu

R&S NGLINGM power supply SIS S S S

CLOCK TRACK ENABLE

E:_JS .HE .E]§ .H BE For evaluation only; not FCC approved for resale. :’ (.
EA EL 3080-60 B electronic load

— e

R&S RTM3004 oscilloscope

e

Y " 0.0V 0.000A mmm
0 e
®

i . qjannun@c

IR

CH1 CH2 CH3 CH4
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Input filter: experimental input current spectrum

w=1.2 A, f.= 400 kHz

RTM3004; 1335.8794K04; 104855 (01.600 2020-03-20)
0020517
4325 ms/ Run 1226

a9 lad mﬂ o Lo q s y o Vi Auto
0s HR + Avg 128 Unda Redo  Delete  SaveSetup LoadSetup  Toom Anotation. 3.8V 2.53 M3afs
W:260.17 ps P:0s = 4 Start:OHz

Stop: 1 MHz Span: 1 MHz RBWV: 5 kHz

V, =5V, V, =33V, I
RTM3004; 1335.8794K04; 104855 (01.600 2020-03-20)
N ¢ oD R Qllk 2,

I Auto
Undo Delete Save Setup  Load Setup Toom

Amotation 3.8V 2.53 MSE/S
Stop: 1 MHz Center:500kHz ~ Span: 1 MHz RBWV: 5 kHz

L]
-

5 Start:0Hz

oy
S

4.325 ms/
Os
W:260.17 ps

020517
Run 12:35

HR + Avg 128
Center: 500 kHz

U

Ao
4

L1: -29.96 dBm L2: 120 dBm

2/ Ew1IE]|(1 / \ 5 '"A/RHZQE gl 10 dBm/

AL: 90.04 dB

L1: 67.56 dBm L2: 120 dBm

ZW - :52.44 dB
inductors shorte_d

101 5 '"A/RHZQE il 10 dem/

VL

*4
ul‘:-"‘m

inductors unshorted
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Power-to-Control PCB cross-talk
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Vst
MOSFET|‘|<]‘| I | | | Inductor Uom |mm

-y

- = -

External
feedback
impedance

Crosstalk: SW-to-COMP PCB capacitive coupling

¥
-]

S ——

Utn

T = Y _—____-_ a2 —
input : -_T

_L_capacitor ' driver
 logic
Cin
G AV, (8)] | Hemmmmmomao -k
pch SW v gmom

- == - -

TPS54160

pch =

Cpcb
+ Cfl +Cota

C

pch
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(SFEY Crosstalk: TI-PMLK BUCK experimental example

PMLKBUCKEVM

. PWR750 REV B

TI-PMLK

input

capacitor

External TPS54160 External
feedback voltage
impedance sensor
Input
6. 38V
, \.IINTP}‘”=
' GND "
I b 1 l T8uH Output
I @o G 3 T;n TI$| V@ i.5A
-] @ P13
I N 114 jLc1 T e D 0.01 216 nr ;g
I o L e vout
I GND
I - ::JJF Iggusvp ™16
I J20 I ' ' ‘
U " »
! &, ey Ql il
b & J21
b
: S = A8
1 wnﬁ‘ 422 92
1 (c ] oo oo
1¥
\B = o
L ——"
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&2} Crosstalk: TI-PMLK BUCK : SW-to-COMP PCB coupling

BOOT T |1 o — — 10 PH input L
I I capacitor i i
VIN[CT ]2 o T ] GND : out
I Thermal Output
EN T ]s Pad I 8 COMP capacitor
(11)
sstR—T—« | | SENSE
RTCLK T s = = = = sf—T— PwreD

External TPS54160 External
feedback voltage
impedance sensor
Input
6..36V
TPT @ > 2
J1 l l
VIN Jz
GND c7 c8
4.TuF 0.ApF
C9 10 C11 C12
TP8
1 lﬂuiamrluulm l | Output
GND  GND  GND  GND  GRD G GRD TessAianea 3.3V @ 1.5
? ? ? @ P13
J18
vouT
GND
TP16
=
Ri1
10.0k.
J25
e | PGOOD
GND
o mn o Ghn Go G o
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Crosstalk: test setup

R&S NGL/NGM power supply R&S RTM3004 oscilloscope
al B2 2xR&SRT-ZP05S [ e
5 voltage probe
I
;T%l)"

EA EL 3080 60 B electronic load

el ol

(
— )
)

R&S RT-ZC20B
current probe

§i] 00V 00008 mem . SRS
0.0M wsou o) .
ar© ©, B

N N
L. S HYCODED PED 4 -

e e s J )
—— —

i | 3, .0

AL~ - s _pad

TPS54160 Input 6-36V Output 3.3V/1.6A
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Crosstalk: voltage probe capacitance
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I&2) Crosstalk: SW-to-COMP gain with narrow BW control

RTM3004; 1335.8794K04; 104855 (01.600 2020-03-20)

N ¢ DT = % Q b £ 4 I Auto 500 ns/ Run ST

Undo Redo Delete Save Setup  Load Setup foom FFT Annotation 224V 1.25 Gsa/ ] 0s Sample

V=33V, | ,=1.0A, f,= 475 kHz

out
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N.Femia, Impact of inductors saturation on EMI - IPERA-R&S Webinar - June 7th 2022 ROHDE&SCHWARZ @



IG2E) Crosstalk: SW-to-COMP gain with large BW control

RTM3004; 1335.8794K04; 104855 (01.600 2020-03-20)

N ¢ DT = % Q b £ 4 I Auto 500 ns/ Run ZE

Undo Redo Delete Save Setup  Load Setup foom FFT Annotation 224V 1.25 Gsa/ ] 0s Sample
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out
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I&2) Crosstalk: Input current spectrum with voltage probe

RTM3004; 1335.8794K04; 104855 (01.600 2020-03-20)
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i@fa Crosstalk: input current spectrum without voltage probe

RTM3004; 1335.8794K04; 104855 (01.600 2020-03-20)
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Crosstalk: pulse-skip effects

RTM3004; 1336.8794K04; 104855 (01,600 2020-03-20)
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G2 Crosstalk: Impact of de-saturating inductor
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I&2) Crosstalk: impact of DCM

As (Vi _ Vo)
2L,

_V, | 2LIfV;
Vo(1 _ Vo)
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concluding remarks

« Inductors saturation does not yield negative effects on EMI,
provided that the inductors are selected based on good practice

fundamentals of power-design

« an Intelligent power loss distribution in combination with

saturating inductors enables reducing SMPS EMI filters size

« (de)saturating inductors help mitigating the noise generated by
the combination of control chip special features, large BW

feedback compensation and PCB crosstalk
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next events and new tools

* Power Design Hands-on Courses

* high power density SMPS design based on
semiconductor-to-passive devices optimal tuning

* high dynamic performance SMPS design based on
power-to-control optimal tayloring

« EMC compliant SMPS design based on
power-control-PCB optimal trading

* Low-Cost Inductors Testing Equipment
* Power Design Software
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