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

A power inductors inductance and DC and AC power losses can

be easily measured by means of an oscilloscope

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

iInductor is intelligently chosen

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

A the effects of power inductors saturation on the operation and

performance of SMPS control can be mathematically predicted

A SMPS control techniques 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

A (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

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

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

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




IS0 EMI issues

I EMC requlations
I conducted and radiated EMI
I measurement setup

I noise analysis and understanding
sources

mechanisms

paths

boosters

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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£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
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2 Input filter: converter input impedance
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IS |nput filter: filter with low output impedance
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Input filter: filter with large impedance

magnitude [dB]

phase [deg]
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Input filter: resonance-affected loop gain

114 1 1 4

7 4 (3
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’ h
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=l |nput filter: design equations

Lout RL iL lout

ESRCout

D1 CoutT
® ON

o T e e e R R R R R R R M R M R M R M R R R M R M R e e M e e e e e ey,

3 S 0 | 0
Q) 8 : — Yoo: :

()0 | P | O ; |

P P o o . . P | 5
- - “ Q) ! - !
~ 5 D0 0 v (P 1) Vi Cmgg

N o o o e e e e e R R e e Rmm R M e Rm R M e M R M e M e e e e e o

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

Y
’// ” ( p) \\\
SRR L B
G R R CRR DI
: i |
LY |
| O |
"0 "0 \/ P ( _ _ E v o | E
<P = N e I

________________

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




ISR Input filter: design example

V,, =5V
Lout RL iL lout
lout = 1.2 A N
ESRCout
Vo, =33V o Vout
f_,=400 kHz CoutT o
¢p=0nF
ESRC,,=5 mW f ,"O( v > P
5 TH | 0 |
Att,,= 73.4 dBnV | . :
1 U |
h=90% 4<165mH a3 Pl
I U I
P c=440mW | ! : |
I F] |
Leq= 15 nH 30 ‘ITH i Y 0 :
15 mH <1 : o |
:'Y ﬁ [TERAT 924 :
15 10 ' ¢" (0 )

—————————————
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iGN Input filter: loss budget allocation
Vi,=5 V

lowe = L2 A

Vot = 3.3V
=400 kHz

C,= 50 nF
ESRC;,= 5 mW
Alttyg,= 73.4 dBnV

! i

| 0 |

- —00% 2 8.8 11.4 a o1
P1oss=440MmW 5 22 38.5 | 5 - :
lnpc.max = 0-88 A Y 5 !
| h |

= 15 10 44 57.0 : o
'Y — |

20 88 114.0 \\ h cu "m /ll

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

power inductors with 15 uH ¢ L ¢ 33 pH and R; ¢ 114 mY

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

1.E+02 PartCode  L[mH] R[mY] Isat[A] Vol. [mmd]
|sat "‘.‘ 744062220 22 100.0 0.95 113
1 E+01 5. 744071220 2 650 1.9 296
."l! .;% s . . . 744071330 33 950 15 296
° & oo % ) . .
1.E+00 ° L - '2' ° o: ° smallest parts with 38.5 mY ¢ R;<57.0 mY
Part Code L [mH] R[mY] lIsat[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 mY ¢ R; < 38.5 mY

1.E+05 Part Code L[mH] R[mY] 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 mY
1.E+02 i g B Part Code L[nH] R [mY] lIsat[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 12,9 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 uH ¢ L ¢ 33 pH and R; ¢ 114 mY

La=18 MH @ l,pe max= 0-9A

\

P:¢20%P,

35 uH

\

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

=

OH
0A

1 A 7

pg © |

Current

vo D

w THANY

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

0K -
0A

©

1.5A
Current

= 744071220
== 744071330
= 744062220

== 744071220
== 744071330
= 744062220

| smallest parts with 57.0 mY ¢ R; < 114 mY :

| PatCode  L[mH] R[mY] 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 mY ¢ R;<57.0 mY
Part Code L [mH] R[mY] lIsat[A] Vol. [mm3]

7447773150 15 53.0 31 252
78439346150 15 420 7.4 264
74439346150 15 420 7.4 264

smallest parts with 11.4 mY ¢ R, < 38.5 mY

Part Code L [nH] R[mY] lIsat[A] Vol. [mm3]
744066150 15 37.0 3.25 403
784325160 16.7 345 7.8 503
7447714150 15 36.0 41 541

smallest parts with R; < 11.4 mY

Part Code L[nH] R [mY] lIsat[A] Vol. [mm3]
78439370150 15 10.5 26.1 2622
74435571500 15 9.0 14 3212
7443782012150 15 46 12.9 5049

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

power inductors with 100 pH ¢ L ¢ 150 uH and 2Y ¢ R, ¢ 5Y

0
P:¢20%P,
160 pH— _ ¢ - 2 _ _ 0
o P + Py = (0.1Y//4.25Y)0.92 = 79mW = 18%P,,
g 120 pH; :
C 100 pH -t 74404042151
©
8 souH | B — 7447732210
T gou] ! = 744032101
T 40pH{ | F
on o dma E . . . | ! smallest parts with 2 Y ¢ Ry <5 Y :
0A 100mA  200mA  300mA  400mA  500mA 600 mA 700 mA : Part Code L[H] R[mY] Isat[A] Vol. [mm3] I
Current |
) I D-744032101 100 4.25 0.25 16
v A $Y 8 Yo )ik [ APHMA : E-7447732210 100 242 041 22 :
o IO e o o s .
60 K :
A : F Bode Diagram
2 s50Kkd D
o ¢ E 10
Y as0k{ !
3 : 74404042151
g 30K A : = 7447732210 =
= 744032101
& 20k{ 1 ©
o - =
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 uH ¢ L ¢ 33 pH and R; ¢ 114 mY
smallest parts with 57.0 mY ¢ R; < 114 mY

16 pH : 1, Part Code L [nH] R[mY] lIsat[A] Vol. [mm3]
14 uH ! 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
5 8uH | == 74439346150
T GuH- | == 7447773150 ) ]
T A smallest parts with 38.5 mY ¢ R;<57.0 mY
2 HH7 PartCode  L[mH] R[mY] lIsat[A] Vol. [mm3]
OH T T T T —4
oA o " 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 74 264
O .
a@°| pAEP L poEAYp od g
smallest parts with 11.4 mY ¢ R; < 38.5 mY
. o ! A BC | Part Code  L[mH] R[mY] Isat[A] Vol. [mm3]
£ 0K : ! 744066150 15 37.0 3.25 403
2 a0k : ! 784325160 167 345 7.8 503
2 L | == 78439346150
T 30K ! | == 74439346150 7447714150 15 36.0 4.1 541
2 1 i m—J447773150
- ' - 7z
§ " : | smallest parts with R; < 11.4 mY
10 K A |
o ' . Part Code L[nH] R [mY] lIsat[A] Vol. [mm3]
oA 1A A an in . A 78439370150 15 105 261 2622
Current 74435571500 15 9.0 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 ¢ L ¢ 33 pH and R; ¢ 114 mY

P:¢5%P, ¢

18 pH
16 pH -
14 pH
12 pH
10 pH
B uH
B uH -
4 pH A
2 pH

Inductance

C

OH T I L L]
0A ZA 4 A 6 A 8A 10 A 12 A

d@?°| p@ p QMICHY

60K -

50K -

40 K A

30 K A

20 K A

Temperature Rise

10K+

0K T T T T
oA 500 mA 1A 15A 2A 25 A A

Current

35A 4 A

= 7447714150
== 784325160
== 744066150

= 7447714150
== Not Available
= 744066150

smallest parts with 57.0 mY ¢ R; < 114 mY

Part Code L [nH] R[mY] lIsat[A] Vol. [mm3]
744062220 22 100.0 0.95 113
744071220 22 65.0 19 296
744071330 33 95.0 15 296

smallest parts with 38.5 mY ¢ R;<57.0 mY

Part Code L [mH] R[mY] lIsat[A] Vol. [mm3]
7447773150 15 53.0 3.1 252
78439346150 15 420 74 264
74439346150 15 420 74 264

I | smallest parts with 11.4 mY ¢ R; < 38.5 mYI

1 Part Code L [nH] R[mY] lIsat[A] Vol. [mm3] :
| AT 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 41 541 :

smallest parts with R; < 11.4 mY

Part Code L[nH] R [mY] lIsat[A] Vol. [mm3]
78439370150 15 10.5 26.1 2622
74435571500 15 9.0 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 (3)

power inductors with 15 uH ¢ L ¢ 33 pH and R; ¢ 114 mY

P.¢2%P,, .. smallest parts with 57.0 mY ¢ R, < 114 mY
16 pH Part Code L [nH] R[mY] lIsat[A] Vol. [mm3]
14 pH 744062220 22 100.0 0.95 113
g 2w s 744071220 22 650 1.9 296
s oM — 74435571500 744071330 33 95.0 1.5 296
S 8pH = 7443782012150
B g = 78439370150 ) )
T 4uH] smallest parts with 38.5 mY ¢ R; <57.0 mY
2 BHT C Part Code L [mH] R[mY] lIsat[A] Vol. [mm3]
D H T T 1 L 1
0A 5A 10 A 15 A 20A 25 A 30 A 35 A 40 A 7447773150 15 3.0 3.1 252
Current 78439346150 15 420 74 264
\ " i 74439346150 15 420 74 264
O .
a@°| pAEP L poEAYp od g
smallest parts with 11.4 mY ¢ R; < 38.5 mY
N jg :_ : C Part Code L [nH] R[mY] 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 mY :
|_
12:2 | | Part Code LnH] R[mY] Isat[A] Vol. [mm3] 1
oA A oA A oA e n oA I Ai 78439370150 15 105 26.1 2622 (23.2x)1
Current | Bi 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[nH] R[mY] lIsat[A] Vol. [mm?3]

&@&J 744062220 22 100.0 0.95 113

35 pH

30 pH

Y 25 pHA

é 20 pH A

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
F = = C
Tl - PMLK %_: urrent
A ® *y:{%}géummm )
Part Code L[mH] R [mY] 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

V, =5V, V= 3.3V, I,,=1.2 A, f.= 400 kHz

inductors shorted inductors unshorted
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