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F: Guten Tag, wie lange geht das Webinar?
A: Guten Tag, das Webinar wird etwa 30 Minuten
lang sein.
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Duration of the presentation: 30 minutes
Questions & Answers: 15 minutes

Not all your questions were answered during the webinar?
No problem! Send us an e-mail to eiSos-webinar@we-online.com.

Would you like to support us in optimizing our webinars? We look
forward to your feedback at the end of the webinar!

The recording of the webinar will be available one day after the webinar.
On our YouTube channel “Wirth Elektronik Group”
and on our homepage www.we-online.com/webinars.
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IMPEDANCE
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Ferrite Impedance : Measurment “WE—-

WURTH ELEKTRONIK
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Ferrite : Equivalent circuit “WE—-

WURTH ELEKTRONIK

High Speed CBF
log (Z)
A

Wide Band CBF

> log (f)

Equivalent circuit of a CBF
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WURTH ELEKTRONIK

APPLICATIONS
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Insertion loss — Mathematical Definition #& —oo

Z, |
U, C) U, U,l |Zs

Source Coupling way Load

« System attenuation
L, +L-+7Z,

A=20-log
L, + 72,
* Impedance A

L= 1OZ)°(ZA+ZB) _(ZA"'ZB) In ()
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Insertion loss - Definition “WE——

WURTH ELEKTRONIK

Eqgivalent circuit:

Source

 Practical values for source and load impedances:

- Ground planes <1..2Q

- Vcc distribution 10...20Q
- Video- /Clock- /Data line 50...90

- long data lines 90 ... >150 Q
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Practical values “le—-
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XY Q“-l\ AN

10 2 Sk T

10 Q

290 Q
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Practical values

Application overview

Assumend practical Application
system impedance
1Q GND (Ground Planes)
10 Q2 V.. (Supply Voltage lines)
Datasignal Lines/Clock/
50 -390 Video Signal/USB
90 - 150 @ Long Datasignal Lines
i
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Multilayer ferrite bead construction “WE—-

WURTH ELEKTRONIK

Standard (wide band) High Frequency Structure
Structure
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Power Line Ferrite

CBF — High Current

D Electrical Properties:
Propartios Test condithons Vi bue Uit Tol.
impadance & 100 MHz 100 MHz z 00 Q +25%
M imum innpadancs 150 MHz i 00 L wp.
I_ Rated current AT = 40K In 2000 ) max.
D NESIETancs Moo 015 Q max.
Type High Currant

EE—-

WURTH ELEKTRONIK

at 40K rise

All high current CBF or MPSB the continuous Rated Current is defined:

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection

16

© All rights reserved by Wirth Elektronik eiSos GmbH & CO.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com


http://katalog.we-online.de/media/images/eisos/FeCBF_pf2.jpg

17

Chip bead ferrite — peak current behavior “lle—-

WURTH ELEKTRONIK

Ferrite is destroyed due to over current/in-rush current

leons= 1000MA
1 |
u.12v . m— R,
i 10uF :
| | S |
L _

Io = Uo/ (RDC ferrite +R ESR capacity)
=12V / (0.05Q+0.5Q) = 22A /
——> 11 times higher current
Ferrite can be destroyed, might not fail directly => “creeping process”
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at 22A...you can smell it! i
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Effect of current and Temperature = /==

Pulse peak after
switch on

1000,00um
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Derating current

Advice: Pay attention for the use of SMD ferrites for high rated current =1 A and ambient temperature over

EE—-

WURTH ELEKTRONIK

+85°C that the rated current has to be reduced when temperature is above +85°C (Derating).

gi 120

+= 100

g o \

S (@

=]

E: 40 ~\\
= 20

b=

E \

0 20 40 60 80 (100) 120 140

ambient temperature (°C)
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DC Bias : Measurment -

WURTH ELEKTRONIK

742792515 Z vs f vs |

742792515_0A
I 742792515_0,6A
—742792515_3A
= 100
£
s
kS * SRF moves to higher frequency
g
= * Impedance decrease
1
1 10 100 1000
Frquency (MHz)
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DC Bias : Simulation “E——

WURTH ELEKTRONIK
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DC Bias : Simulation -

WURTH ELEKTRONIK
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[ 4 FerteBead_Z0)asc| ¥ FemteBead Z(ase |
B D Electrical Properties:
742792515_0A TN S Properties Test conditions Value Unit Tol.
142 792515_0, / / )< Impedance @ 100 MHz 100 MHz z 785 o +26%
742792515 1A // // // §\ Maximum impedance 60 MHz z 1300 Q typ
74279251 5 1’ 5/\ / Rated current AT = 40K IR 2000 mA MK,
74279251524 yd ,/,45//;/ \\ DC Resistance foc | o005 [ o | mx
742792515 2,5A / /44///1 ;‘;/ Type High Current
742792515 3A - '/'/::/5/
% /A/éy,,é/ "
.~ ~
~ /
o
- o b
- /4 — 257
’/ s ¢/
=
=
E}Q‘ZEEMHZ y = 67.314dB . — . . . — —
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g v/ ==

Behavior of the Impedance at temperature W o

742792693 Z_vs_Temperature

By increasing the
temperature, the
impedance will

1000
£
=
o
£
N

100
6 60 600
fin MHz
—7 @ -55°C —7 @ 25°C —7 @ 125°C —7 @ 160°C
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In-Rush Current

12V

Lp=d

(@
F 3
|
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In-Rush Current

WURTH ELEKTRONIK

= Open circuit caused by inrush current

130 kV 20 pA 20
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In-Rush Current o

WURTH ELEKTRONIK

= Multilayer Ferrite (0805)
= Destruction at a pulse of 1Ims with max. 40A pulse current

27



In-Rush Current o

WURTH ELEKTRONIK

= Multilayer Ferrite (0805)
= Destruction at a pulse of 1ms with max. 40A pulse current

-
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INRUSH Currents : Simulations “WE—-

WURTH ELEKTRONIK

Rser=0.01

- When the capacitor is discharged, the current
is only limited by the DCR of the source, the
ferrite and the capacitor !!
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CBF Rated Current -

WURTH ELEKTRONIK

A Dimensions: [mm]

D Electrical Properties:

Properties Test conditions Tol.
! impedance & 100 MHz 100 MH: A\ 5%
Maximum impedance 200 M z \ <]
WALE BAN D HGH SPEED: W = B, Rated current AT il \ =
y \ ¢ HEH SPEED > _
o 1 URAIENT: T3 DL Resistance .
4,5 +07 b
. Type

C Schematic:

General information:
p0 Mol w2 this part beyond the Rated Current, as thisw
Eocessive heat and can hamm the companent

Storane Temperature fon Tape & Reel- -

“Cm 60PC

DESCRFTION

Projitbon

==

JescTonii £50s DM & Co. K8
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51 2-06-26 —
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How to protect ferrite

SMD/Ferrite
L1

EE—-

WURTH ELEKTRONIK

+ C1 c2
Uin —_—

e.g. 12v DC 10pF 100nF

o & &

= Protect ferrite from In Rush current during :
= Power up
. Hot plugging
. Line Transient
. Surge
" Load dump
" Safety for SMD ferrite against In-Rush current (load dump) current

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection
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MPSB Solution — R T

strong bead !

www.we-online.de/we-mpsb and www.we-online.com/we-mpsb

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection 32

© All rights reserved by Wiirth Elektronik eiSos GmbH & CO.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com


http://www.we-online.de/we-mpsb
http://www.we-online.com/we-mpsb

WE-MPSB  Multilayer Power Suppression Bead s

WURTH ELEKTRONIK

= High pulse peak possible caused of special internal layer design

Size 0805

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection 33
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WE-MPSB  Multilayer Power Suppression Bead ==

WURTH ELEKTRONIK

= High pulse peak possible caused of special internal layer design

Excellent Heat Transfer I

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection 34
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WE-MPSB  Multilayer Power Suppression Bead s

WURTH ELEKTRONIK

0 Times Higher Peak Current Ratin

100

Max. Pulse Current [A]
BB =~ O ©
oo odhho;hOom

~— 74279220800 [80Q 14 Al 13 mQ]
;g —-— 742 792 201 81 [180 Q 13,1 A126,5 mQ]
o5 —— 742792 203 21 [320 Q@ 12,5 A 1 30,5 mQ]
20 —— 742 792 206 01 [600 Q 12,1 Al 45 mQ]
15

10

5

0

05 10 15 20 25 30 35 40 45 50 55 60 65 7,0 7,5 80
Pulse Length [ms]

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection 35
© All rights reserved by Wirth Elektronik eiSos GmbH & CO.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us www.we-online.com



WE-MPSB  Multilayer Power Suppression Bead s

WURTH ELEKTRONIK

WE-MPSB Specification

rotects And Extends The Life Of Your Application |
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WE-MPSB  Multilayer Power Suppression Bead _w+

wtnm-l ELEKTRONIK

= Current Load Measurments : !

No. of Pulse vs Current — 8 ms Pulse — Size 0805 ; ’ .

100000
10000
1000
100

0 35 40 45 50
max. Current [A]

Number of Pulses (time between pulse min. 10s)
=)

—-d

— 742 792 206 01 [600 Q12,1 Al145 mQ] — 74279220321 [320Q12,5A130,5mQ]
— 74279220181 [180Q13,1A1265mQ] — 74279220800 [80Q14A113mQ]
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WE-MPSB  T-n-t Triangle

Peak Current Capability of the MPSB Series:
p y T[O C] 25°C, 80°C, 125°C

= Pulse length t [ms]

= Repetition of the pulse n

=  Ambient temperature T [°C]
= Pulse-Pause p [s]

pls, 2.5s, 5s

For each pulse-pause you have a different triangle /

with the influences of the parameters T-n-t .

0.5ms, 1ms, 2ms, 4ms, 6ms, 8ms t[mS]

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection
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N 1. 10, 100, 1k, 10k, 100k
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MPSB Rated Current S =

WURTH EI.EI('I'RON IK

WE—=-

m'ﬂ-l ELEKTROMIK

A Dimensions: [mm] B Recommended land pattern: [mm]

- - - D Electrical Properties:
Properties Test conditions Value Uat | TolL
u{ Impedance @ 100 MRz | 100 Wz f 180 7] =
// s imped, E 7 0z a e
- #12 sano s s Rated current AT = 40K [ 300 B il
= i CLRRENT DC Resistance @ 25T Anc %5 =) B
= T @O EREE

C Schematic:

Do not use2 this part constantly beyond the Rated
: n haym the comoonent___

-Clperzlung Terrperalure -557C 10 125°C
=Test conditions of Bectrical Properties: 20°C,
if not specified differently

Projecton CESCHRETION
€3 @
1 WE-MPSB EMI Multilayer Power
W f5os Gmitk & Co. KB i
it Frois o Suppression Bead
Mo Byl 511
ez Curker- Mo T OMPLIANT
Gerrany
14 50T E--1 R - o
. 48 ) 94T M5 D sk =
- vea s orire.on 74279220181 e -
1.0 1811085 g8 MR - pu—
REW DATE ar CHEDRED Sze: 0BDS
Ths o7 e on gl apren p’m.llsrra.‘l‘lradb’mnc\.vlﬂtm.rl:n s ad i SR & el mnﬂrluﬂmmsmmlﬂsmﬂpﬂm 7 O, LTSS N (RS N S0 N g =
M W chmkir{"'l...ym ltwmmmvsrlgmannmm ROCETE, T — 'a.n-m‘::‘-: T o, 5 . COr, S S, S POV, TRECH, AL TR T o Mane Ers e b i |
40 o i1 S I e, ko relabiy Oral e ek or Sy ML e o eqmcmwrrrsznmmmmwsqnmnmmnm

SEiH 1 0 K e b ik atoes cho e o sch L bl
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Impedance (Ohms)

0
B

MPSB : DC bias

Z_vs_f_vs_IDC-74279224181 “WE—-
WE-MPSB | Size 2220 | 180Q @ 100MHz | Ir 5A

=

1000

L

=
[y
o
[y
=)

Frquency (MHz)

0A

1A

2A

3A

4A

S5A
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0 1000

EE—-

WURTH ELEKTRONIK

Datasheet: 0 Apc
Z (I) in 50Q System

Design In:
check the working point

40
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WE-SUKW, WE-PBF Advantages i O

S“Kw D Electrical Properties:

= Proparties Test conditions Valua Uit Tol.

[ Impedance & 26 MHz 25 MHz F 475 Q wp.
impadance & 100 MHz 100 MHz z 580 Q +25%

Rated curment AT= 40K g 5.0 A ma.

DC Resistance @ 20°C Ape 12 mt2 ma.

High impedance in lower frequency
D Electrical Properties:

Properties Test conditions Value Unit Tol.

PBF S Impedance & 25 MHz 25 MHz z A5 Q =25,

R Impedance & 100 MHz 100 MHz z o8 Q +25%

23 Rated current AT= 40K Ig 6.0 A Mz,

E : DC Resistance Aoc 0.0 ) max. |
Very low DCR
11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection 41
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WE-PF Advantages

D Electirical Properties:

EE—-

WURTH ELEKTRONIK

Properties Test conditions Valua Unit Tal.
impeadance & 100 MHz 1010 MHz z 1180 P! =25% |
M imum impedance a0 MHz z 2000 L% wp.

Rated current AT= 40K In 10.0 A max. |
DC Resistance Ao 0.00% L M.
High impedance and high current
D Elecirical Properties:

Properties Test conditions Valua Liniit Tol.
impedance & 100 MHz 100 MHz z 185 B! +=25%
Maximum impadance 15 MHz ) 15000 L2 wp.

Rated current AT= 40K I 4.5 A ma.
DT Resistance Ape. 0.030 L ma.

High impedance in very low Frequency

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection
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WURTH ELEKTRONIK

RECOMMENDATIONS

11.06.2018 | Lorandt Foelkel | Public | WE-MPSB Ferrite Selection 43
© All rights reserved by Wirth Elektronik eiSos GmbH & CO.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com



Recommendations — Filter Topologies

Source Impedance

low

high

high or
unknown

low

low or
unknown

Load Impedance
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high

high

high or
unknown

low

low or
unknown

EE—-

WURTH ELEKTRONIK

-2 small C = higher SRF

Choose ferrite bead or
inductors L which

= build no resonance with C
= wideband filter

Pay attention to:

SRF of used components
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Wideband input filter

(recommended filter solution)

—_————

/// \\\
T - filter —/ Ferrite \
/ \ DC
C Lo L —
\\ Lin | DC
\
V @ \\\ J— ///«/in L — VOUt
sup \\\\ CfilteL/// Cin \ 4
et mtl Y
N
= T-filter recommend for wideband filtering ~

> L, for low frequency filtering (DC/DC converter switching frequency)
» Ferrite for high frequency filtering
» Ciier Shorting ACnoise to GND (220pF < Cyjpr < 1nF, low ESR)

EE—-

WURTH ELEKTRONIK

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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PCB-Layout recommendations E—V-,V,,,ET& o
T-filter
- .
f «— coupling path

— Al —

./ ‘
not recommended recommended

= Keep PCB traces as short as possible

= Avoid indirect trace routing

= Avoid any kind couplings 2> “capacitive”, “inductive”

= AC-current should flow across capacitor

= Short way for AC-current direct to GND (place double via’s to GND)
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Land Pattern Recommendations “l—-

|
[aN]
(=1
+l
N
A
L W ]
1.2
| | | —
+ =

| — 1

WIDE BAND / HIGH SPEED: W = 3,0
HIGH CURRENT: W=40
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WURTH ELEKTRONIK

Low
Tombstone Effect

Full
Tombstone Effect
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Recommendations — Flexing Stress

= Flexing stress on PCB
— Not recommended position of CBF
» At the edge of circuit
* Near to connectors

= Recommendation

— Orientation of the ferrite perpendicular to
the direction of the twist of the card

Mechanical break of a
SMD Ferrite caused
through bending stress at
separation of the PCB
use
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Images Source: WE PM & TQM
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Bending

No—

WURTH ELEKTRONIK

Not recommended

Recommended

PCB
breaking
perforation
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Not recommended Recommended
— —
cracks
. . 74
Single — sided [i]
mounting —
l\supporting
pin
— —
cracks
Double — sided
mounting : —
‘I supporting
pin
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Trilogy of Magnetics &/ ===

WURTH ELEKTRONIK

LOGY
OF MAGNETICS

PLES

"""""""

1. LTspice Book
How to use and build spice models
« 2. Trilogy of Magnetics
Design Guide for EMI Filter Design, SMPS & RF Circuits
» 3. Trilogy of Connectors
Basic Principles and Connector Design Explanations
4. ABC of Power Modules
Functionality, Structure and Handling of a Power Modul
5. ABC of Capacitors
Basic principles, characteristics and capacitor types
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If you still have questions?

Just call us: we try to help you

Don'’t give up !!!
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Technical support needed? S v/ ===

Ask our design engineer Lorandt Folkel WURTH ELEKTRONIK

Follow me on ...

Twitter.com/asklLorandt

=)
=

we-online.com/youtube

=
=
@

Lorandt Folkel

linkedin.com/in/lorandtfoelkel Design Engineer
at heart

we-online.com/asklLorandt

or contact me directly:
askLorandt@we-online.com
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