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= Do you think that ...

... a DC/DC converter “generate Conducted Emission” ?

... the EMC of a DC/DC converter is “affected only by the PCB layout” ???

... an “oscilloscope can help you to carry out any EMC tests” ???
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Agenda WE—-

= EMC Requirements for DC/DC Converter

= EMI Noise Consideration from Power Source

= Filter Topologies

= Filter design

= PCB layout recommendations

= Shielded vs. Unshielded Inductor
= Storage Inductor selection

= Design tools

= Live EMC Demonstration

= Energy Harvesting

= Wireless Power Charging Live Demonstration
= Power Modules
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REQUIREMENTS IN EMC
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EMC - Standards

EN 61000-3-2

EN 61000-3-3

EN 55011
EN 55013
EN 55014-1
EN 55015

EN 55022
EN 61000-6-1

EN 61000-6-2
EN 61000-6-3

EN 61000-6-4
EN 61000-4-2
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Limits for harmonic current emissions (equipment input current up to and
including 16 A per phase)

Limitation of voltage changes, voltage fluctuations and flicker in public low-
voltage supply systems

ISM Equipment (Industrial, Scientific and Medical) also known as CISPR-11
Audio and Broadcast receiver equipment
House hold appliances, electric tools and similar apparatus

Limits and methods of measurement of radio disturbance characteristics of
electrical lighting and similar equipment

ITE (Information Technology Equipment), also known as CISPR-22

Generic immunity standard for residential, commercial and light industry
environments

Generic immunity standard for industrial environments

Generic emission standard for residential, commercial and light industry
environments

Generic emission standard for industrial environments
Electrostatic discharge immunity test (ESD)
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CE Marking

S
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European Union Member States

With the formation of the single European market,
standardization was required to remove technical
barriers to trade.

New Approach Directives were introduced to remove
these barriers to trade

20 regulations and directives:
LVD - Low Voltage Directive 2014/35/EU
EMC - Electromagnetic Compatibility 2014/30/EU
R.E.D. - Radio Equipped Directive 2014/53/EU
MD - Machinery Directive 2014/90/EU
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Luxernbourg

Czech Rep.

Firland

Slovakia

fustria - Hungary

Slavenia

Cyprus
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more than you expect

What is the meaning of EMC ?

- A
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What’s all the fuss about EMC?

In Europe, we have a mechanism called CE Marking

It is applicable to any electrical/electronic product

EMC Directive , regulation to ensure that intentional RF
transmission signals are not interfered with

Ensures that Electrical/Electronic devices continue to operate as
intended in a Electro Magnetic Environment

= Failure to comply with the law can be an offence, either
criminal, civil or both
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What is the meaning of the CE logo ?

2017 V.1.0

Lorandt Folkel

Public / Confidential
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Shenzhen OMT Technology Co., LTD
No.2908, East Building, Yihai Plaza, Chuangye Road, Nanshan

\u m T) District, Shenzhen, Guangdong, P.R. China (518000)

EC Declaration of Conformity

Declaration No.

Applicant : Co., LTD
| Park, North of Wuhe Av.,
P.R. China

| Park, North of Wuhe Av.,

Manufacturer Co., LTD
P.R China I

Description of : Media Converter
Equipment
Model Name

Trade Name
Report No.
Issued Date : May. 9, 2008

Test : EN 55022: 2006
Standards EN 55024: 1998+A1: 2001+A2: 2003

The EUT described above has been tested by us with the listed standards and found in
compliance with the council EMC directive 2004/108/EC. It is possible to use CE marking to
demonstrate the compliance with this EMC directive.

<l e

Lab. Director / Cabin
Date: May. 9, 2008

The results in this report are applicable only to the equipment tested. This report shall not be re-produced except
in full without the written approval of Shenzhen OMT Technology Co.. LTD.

EMC Seminar 2017
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Other International EMC approval marks

unications, COyR|§84AN Control Council for
Interference

= Australian Communications and
Media Authority
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C
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Conducted Emission

= Conducted emission over wideband

“We——

WURTH ELEKTRONIK

= Caused by ripple current at input lines (common mode - / differential mode noise)

= EMC requirements for ,Conducted Emission“according ETSI, CEN, CENELEC

= E.g.: EN 55013 : 2006 (Radio & TV broadcast receivers and associated equipment)
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Radiated Emission sV ==
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= Radiated emission over wideband
= Caused by:

— Power traces on PCB

— Power choke of DC/DC converter
= EMC requirements for ,Radiated Emission®according ETSI, CEN, CENELEC
= EN 61000-6-3 : 2007 (Home) Level [dBy¥/a]
30dB @ 30MHz~230MHz puV/m "
37dB @ 230MHz~1GHz pV/m 5

EN 61000-6-4 40 I I I | i M
=  EN 61000-6-4 : 2007 (Industrial) . si000.62 WA ol
40dB @ 30MHz~230MHz pVv/m
47dB @ 23OMHZ~1GHZ HV/M 20 | 1 | AN P |
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Design phase for EMC s ==
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Economical point of view:

Depends on you when will start to design EMC conform

Cost A

I

~ —~—
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1
1
1
1
1 EMC in desi
-— esi .
== 9_" l_n Eogsidered
E >
1
Development Prototyping Production Time
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How can we check the EMC ? ﬂ
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EMC Standards and tests are seen by customers as

HUGE PROBLEMS
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EMC — Basic Test ZVE
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‘ Electromagnetic Compatibility ‘

v v

| Emission | | Immunity |

y y

‘Cond‘ucted ‘ ‘ Rad‘i'ated ‘ ‘Cond‘ucted ‘ ‘ Rad‘i'ated ‘
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What causes EMI in a product? WE=-
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= Clock freqguencies. E.g Crystal 25MHz,
CPU 2.6GHz

CLK |

= Datarates. E.g USB 2.0 480Mbps,
SATA 11 300Mbps

« (€ FC Sasesom.sz

g 11
I Express SATAIY e
S

= DC/DC convertors and Switch mode
power supplies (SMPS) E.g 135kHz, 2MHz

Vi Vo(t), Vol(t)

IS

0 o i g

JAMIRL 1) ZJ liiﬂ i
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Magnetic and Material Basics
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The magnetic field — Field Model

Magnetic field H

IH4xmo=

Current |
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Magnetic field- Magnetic field strength

Straight wire

Toroidal core

Rod core

R

1
9

el

™
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The magnetic field strength is
dependent from:

* No. of turns
e current
« dimension

* and

NOT FROM MATERIAL
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Magnetic field- Magnetic field strength

Raerage = (R, ~R) ! H =H,=H=
2-7-R

average
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The magnetic field =
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Air Rod core ferrite Ring core ferrite

(Ceramic)

——————————————————— > --~L - e
N *S N T~ \\\ _______ ’/ ,/’-’S N _:——-» S
S e ->O (@) =~ So //’z"'o (@) \\_-’ O

------------------- > DS S o R =y
s et ST »U R B el U --->
N ey SN T TR T T s T
[ > H H ---" .7 T T o i D L gl >

___________________ > [ S~ ~--

Induction in air:

B=yu,-H

linear function, because ur = 1 => constant!

material-
frequency-

The relative permeability is a: temperature- -dependant parameter
current-
pressure-
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Permeability — Core material parameter 2 ==
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Temperature influnce

- The magnetization depends from the temperature

Alignment of elementary
T f —~— therm. movement f,\;, Alignment ¢ ~= magnets
Hr A
1000 ------ ____________ _____ ______ ______ ______ ______ Ferromagnetic change to
! Paramagnetic
+15 %;;8
-20 %540 Curie-temperature

= 21

: . : : : . : : : : —
-5040°C  23°C50 '85°C 150 250 T/°C
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Permeability — complex permeability W=
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1000 —
T
Z 3N
100 L afall = h
— LY
— X, (Nizn)
W
L7
0 / / R(NiZn) |
4 'i
|
/ 1
1 |
L/ \
1 10 100 1000

Core material-Parameter

Replacement circuit

7 - [R+X 7 R
X.
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Core materials - Inductors (Energy storage) WE—-

WURTH ELEKTRONIK

Which switching frequency do you use?

100%

90%

80%

70%

60%

50%

40%

30% ‘ o
o =

Impedance Z / %

20%

10% ™

— ~4
0% me Frequency f/MHz
0,01 0,1 1 10 100 1000
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Core materials- Chokes (filtering)

100%

Noise frequency range must be known

90%

80%

70%

60%

50%

40%

Impedance Z / %

30%

20%

10%

0% -

0,01

0,1
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Frequency f/IMHz
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Core Losses EVE
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e.g. electrical energy transformed into - thermal energy

Electro Magnetic energy cannot disappear, it will be just transformed into other energy
form

the core losses from ferrite transform the noise energy into heat
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Transmission Modes & Filter Topologies
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W=
EMC - Coupling — SR IGR
- Primary procedure
...to aim at source a low noise
- Secondary procedure
... eliminate the noise thru interrupting the coupling way
- Tertiary procedure

... Increase the noise immunity at load

Noise source Load

Coupling way
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Recognizing the coupling mode N
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),
)19

= common mode noise ?

= differential mode noise ?
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Common mode or differential mode? “We——
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Take a Snap Ferrite and fix it on the cable
(both lines e.g. VCC and GND)

If noise is reduced or
noise immunity increase

e.g. Common mode

you have Common Mode Interference choke

you have Differential Mode Interference e.g. chip bead ferrite
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Snap on ferrite — typical behavior
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2 Turns

. of turns
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Snap on ferrite - Construction W=
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= Snap on ferrite acts as an CMC
= Absorbs common mode Interferences
= Comparable with bifilar winding CMC
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Common Mode Filter — How it works WE—-
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It is a Bi-directional filter
* From device to outside environment

* From outside environment to inside
device

Intended Signal - Differential mode

Interference Signal (noise) — Common Mode

Conclusion:

« “almost” no affect the signal - Differential mode

* high attenuation to the interference signal (noise) — Common Mode
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Insertion loss — Mathematical Definition W=~
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Z, I
U, C) U, U,| |4

o o
Source Coupling way Load
« System attenuation
L+ +7,
A=20-log in (dB)
L,+ 71,
* Impedance A 7]

/= 1OE'(ZA+ZB) _(ZA+ZB) In (Q2)




Insertion loss - Definition

Eqivalent circuit;

Inductor

Source

1_‘-‘.- Ge :

LC-Filter

 Practical values for source and load impedances:

- Ground planes <1...2Q

-> Vcc distribution 10...20Q
-> Video- /Clock- /Data line 50...90Q
- long data lines 90 ...>150 Q
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Check the results in the EMC lab

- Measuring the emission and compare with the solution

Level [dBpV/m]

S

60

50

40 | II |

30 " A.-. = 4 ,,l,

20

10

30M 40M 50M 70M 100M 200M 300M 400M

Frequency [Hz]
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Insertion loss — recommended filter topology W=

Source Impedance

low

high

high or
unknown

low

low or
unknown
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Load Impedance

high - small C = higher SRF

high

high or
unknown

Choose ferrite bead or
inductors L which

low
= build no resonance with C
= broadband filter
low or i
unknown Pay attention to:
SRF of used components
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Chip bead ferrite — peak current behavior WE—
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Ferrite is destroyed due to over current/in-rush current

l o= 1000MA

If\

. |

|

i Re
i | 1 ]
o |

I0 = Uo/ (RDC ferrite +R ESR capacity)
= 12V / (0.05Q+0.5Q) = 22A %7
——> 11 times higher current
Ferrite can be destroyed, might not fail directly => “creeping process”
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at 22A...you can smell it! W=~
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EMI NOISE SOURCES
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Representative noise sources :_W—o—_‘:
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Conducted Emission Radiated Emission Conducted Emission

~ ~ |
Ly e 22PN lout |
\ I /! () s L \\U \ . //7 <
/// \\\ N
II \\
Vsup @ Vin —— ZX —_— :' Vout
\\ Cin Cout /
N\ S~ P
Input current caused by voltage ripple > ,conducted Emission*
Power traces and choke radiate EMI > ,,Radiated Emission*
Output current caused by voltage ripple > ,Conducted Emission*

Radiated emission will increase by using long input / output lines(cables)
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Conducted noise at converter input W=~
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|in DC

—_——— — DC

~ I
Vsup L \ Vin I e + | V out
4/0/ C .
@ So \ I T I Cin
|
voyioo v
|Cap M
O

= Conducted Emission is generated by voltage drop across Rg,, and ESR,
Vioise = Rsup = Iin + ESR = ICap
=  VNoise = Rsup * lin + ESR*Icap
= Resonance circuit is formed by Lg,,, C;, and ESL,
fo= 1/ 2MN(Lsup-ESL)*Cin
= Different harmonics due to fundamental frequency from fycpc @and freconance circuit
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Conducted noise at converter output “WE—-
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I—Converter |Out

[ I [
| ZESR | o | 'R* ESR |
(72}
o
ST S I SRR 2 . Vou
Converter I j I = I I Cout
| | % | I ESL I
| L % | = b o — | v
| —[— — ] e 71

= Conducted emission is generated by voltage drop at ESR,
UNoise = ESRCout * [Cout
= Resonance circuit is formed by Cp.onverter » Coutr Lconverter » @Nd ESLcqu

1
fo = 2mJ(ESL__)*COut
= Different harmonics due to fundamental frequency from fycpc and fresonance circuit

Cout
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Radiation of PCB traces e —-

WURTH ELEKTRONIK

= Power and signal loops have antenna characteristics
= Radiation can occur over the entire power and signal loops

= Field strength depends on spanned loop, peak value of alternating current, frequency,
distance between noise source and noise receiver

= Design recommendations:
> Keep power and signal traces as short as possible
> Keep power and signal loops as small as possible
> Route the trace over GND plane

poc| LI L qi semg] LML
Uy - up

A N GND plane I
ov
loop antenna
not recommended P better recommended
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FILTER DESIGN
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»L“ Input filter 2 ==

(minimal recommend filter) WURTH ELEKTRONIK
RaS8 DC
O —< ]
Lin DC
@ Vin — Vout
Vsup Cin

)
/

=Simple L-Filter
» Input filter reduce current ripple on input line
> Input filter reduce differential mode noise on input line
> Input filter reduce radiated emission via input traces

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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Calculating input inductance

ESR(DC)(1 — DC)
FE - RO

con

L filter —

ESR = Effective series resistance of
input capacitor

DC = Converter duty cycle

l.on = Peak-to-peak input ripple current

lsup = Required peak-to-peak ripple current
for buck converters |, = Iy

R; = “Damping” resistor (for lower Q)

»For better filter performance choose
next higher standard inductance value

2017 V1.0 | Lorandt Félkel | Public / Confidential | EMC S

Lfilter -

“We——

WURTH ELEKTRONIK

Example:
V,, =5.0V
lout = 4.0A
f = 2.5MHz
ESR = 0.08Q
DC =0.5(%50)
ICOI’] = Iout
lsup =0.1A
Ry =0(2>)

0.080x0.5(1 — 0.5)

2.5MHz(%2 — 0)

= 320nH

» Choose 1pH (closest standard value)

© All rights reserved by Wurth Elektronik eiSos GmbH, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us
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Calculating rated current I, “WE—-

WURTH ELEKTRONIK

__ (Vout)(Iout)

~ (Vin)(E)
=\Vout =Output Voltage
=lout= Qutput Current
=VVin= Input Voltage
=E= Efficiency (/100)

IIL

=For Example:

_ (5V)(44)

L~ 201)(08) 1,254

=To avoid overload considerations choose a choke with higher rating current
*To avoid losses in efficiency choose a choke with low DCR
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Wideband input filter

(recommended filter solution)

— -

“We——

WURTH ELEKTRONIK

P ~
/// \\\
7/ AN
- / \\
/
T - fllter\// Ferrite \\
/ m \
- \
| |
| I
\ Lin
\ /
\
\ N,
O\ =
Vsu AN /
P RN Criter_-~

DC
DC

= 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 < Cyir < 1nF, low ESR)

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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»,L | C* output filter 2 ==

(minimal recommended filter) WURTH ELEKTRONIK

Liiter

G s |

DC

VOUt [ VOUt

O 44— O
|
O

= Simple L/C Filter
» Output filter reduce voltage ripple on output traces (Conducted Emission)
» Output filter reduce radiated emission via output traces (Radiated Emission)
> No optimal solution for radio power devices

Attention!!! This filter is not efficient to reduce common mode noise on output lines
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Calculating ,,L / C* output inductor “WE—-

WURTH ELEKTRONIK

1 1
f(] = 2mVLC <= Lfi[ter = 1 5
(2Rsf0)2C yper

=  Example:
(1) Choose capacitor e.g. 1uF, Electrolytic, low ESR
(2) Determine switching frequency of DC / DC converter
(3) Calculate inductor
(4) Choose next larger inductance value

1 1
L 'h: = 1 <> L [IEEQT = 1 = 989.5nH
fileer = (2wl F0)2C 0, f (2x7 —= 1.6MHz)2 X 1yF

L=10uH &
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1 -output filter

(recommended filter solution)

I—fiIter

oC )

Ferrite

61

“We——

WURTH ELEKTRONIK

DC

VOUt I

VOUt

O 44— O
|
O

= T-filter recommend for wide bandwidth filtering
> Lo for low frequency filtering (DC/DC converter switching frequency)

» Ferrite for high frequency filtering

!

» This kind of output filter is for powering radio devices high recommended

Attention!!! This filter is not efficient to reduce common mode noise on output line
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Decoupling common mode noise —w£+

WURTH ELEKTRONIK

ICOm
| giff DC

e T e

@ T YT

Vsup Crilter |@®

\‘ Lcom

|

VOUt

Icom J7

= For common mode rejection use common mode chokes
= For supplying over long distance common mode chokes are recommended
= Additional capacitor reduce differential mode noise
» Small value for ceramic capacitor is recommended
» Capacitor and common mode choke act as a LC - filter for differential mode noise
= Can be used for input and output lines

()4*
_OH
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WURTH ELEKTRONIK

PCB - LAYOUT RECOMMENDATIONS
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PCB-Layout recommendations E—Limiu—o ;_g:
T-filter

~ coupling path

]

—n

./

not recommended recommended

= Keep PCB traces as short as possible

= Avoid indirect trace routing

= Avoid any kind couplings - “capacitive”, “inductive”

= AC-current should flow across capacitor

= Short way for AC-current direct to GND (place double vias to GND)
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PCB-Layout recommendations W=~

WURTH ELEKTRONIK

common mode noise filter

coupling path

V+ V- V-

not recommended not recommended recommended

-

= Avoid indirect routing of power traces

= Avoid any kind of couplings - “capacitive”, “inductive” ... etc ...
= AC-current should flow across common mode choke

= Route power traces on component layer

= Do not use vias
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PCB-Layout recommendations Ewiﬁ:

WURTH ELEKTRONIK

DC/DC buck converter

I
l::lﬁ Q O]

not recommended recommended

= Avoid GND planes under inductor (between inductor pads)
= Don’t route any kind of signals (analog, clock) under the inductor
= Fill out unused space on PCB with GND (flood)
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PCB-Layout recommendations

Layer 1: power components
Layer 2: small signal
Layer 3: pure GND layer

Layer 4: small signal / controller components

capacitive

‘coupling

small signal layer

GND layer

not recommended

= PCB-design of at least 4 layers is recommended

S

WURTH ELEKTRONIK

Layer 1: power components

Layer 2: pure GND layer

Layer 3: smal signal

Layer 4: small signal / controller components

power
circuit.

small signal layer

recommended

= Place a solid ground plane below the power component layer

= Minimize loops for power components
= Keep power traces as short as possible

= Establish good GND connections using low impendence vias
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WURTH ELEKTRONIK

SHIELD VS. UNSHIELD
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Magnetic field leakage EVE

WURTH ELEKTRONIK

FieldLings
XE -8
™ 3315

2214
.3.204:

Shielded Unshiclded

Marking
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Magnetic Field — Shielded vs. Unshielded WE—-

WURTH ELEKTRONIK

= Magnetic field

shielded unshielded
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Radiation by inductor

WE _ P D2 uns h | el d ed Spektrum 1 - Inductor @ Z2MHz Clock {1.000,000 kHz - 30.000,000 kHz)

REMY 1 100 kHz Center : 15,500,000 kHz Sampletime : 50 ms 2,015,099 kHz

10pH, 2MHz Clock, 1A Span 29,000,000 kHz Artennator : -1 di 60,00 dBrm

[-- B - I T, [ P L ]

WE — PD shielded
10uH, 2MHz Clock, 1A

19d Bm dlfference 3,900,000 &.500,000 9,700,000 12,600,000 15,500,000 18,400,000 21,300,000 24,200,000 27,100,000
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Magnetic leakage shielded vs. unshielded _w£+

WURTH ELEKTRONIK

unshielded shlelded

‘-' ! T ™ ™ T ™ ™7 ™ ™ T T L ™ T T' LT LT Ty B P e O SR [ 5 SR S L PO L2 S R ey pOL O S e S e v

 WAMARLAMIAGAAGI LALLM A

0Hz 200000 kHz 400 000 kHz 600.000 kHz 800.000 kHz 1.000 MHz 200.000 kHz 400 000 kHz 600,000 kHz 800.000 kHz 1.000 ME
Channel: 2 Window Type ; Blackman Window Size: 8192 Channel: 2 Window Type : Blackman Window Size : 8192
Cursot Infoemation : Cursor off Cuesor Information : Cursoe off
Hamonic Informaton Harmomic information :
Tst: 286,750 kHz -26 856 &8 2nd: 573250 kHz 33947 B st 286,500 kHz -46.977 dB 2nd : 573,000 kHz 52705 dB
3id . 860,000 kHz 51847 B $h. -~ 3d: 853,750 kHz -56.160 dB 4th: -~
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Magnetic Fields — Conducted Emission Measurement WE—-

Power supply V 1.0

o
+5U
Feeddback Input

Llen LASEE el 2o, i Emmes

Oszillator Freq. Comp.  GND N

150k 300k 400k 600K 1M 2M - 3M  4M 5M

de o I,
[Hz] s

A\
LED1

©
9
)
4
= inaD
PreEvIg
| [
N
s |1
5]
RS ©
K180
= i
e =
®
2

GND

Buck Converter ST L4960/2.5A/fs 85-115KHz
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Magnetic Fields — Conducted Emission Measurement WE—>

WURTH ELEKTRONIK

Power supply V 1.1

[dBuV]
100
80
,,,,,, F—r
e
Ic1 )
+5U
24 ) S 2T v O
L tnput L4968 output | (\f - i
P _LCl Sott st L 15@;‘@@7
- 10@13‘ Oszillator Freq. Comp.  GNO old - .
A AR A AN EON TP TRV TRty MY LAY Y 4 2 i . iy 2203 -l
0 N\/‘A L0 : ) Enisd 3 3 £ 3 b: : 3 - | - g) (33 .
10 50k 300k 400k 600k 1™ 2M 3M  4M 5M Ti . a U
[Hz] ¥R
T
6ND

Schematic
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Magnetic Fields — Be Aware! W=

WURTH ELEKTRONIK

= Select the right parts for your application.
= Do not always look on cost.

Very easy solution with a dramatic result!

WAL TR

Choke before Choke after
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| more than you expect | _

Boost converter Bad Example e Y/ ==

WURTH ELEKTRONIK

Bad Example:

—-Standard Alu-Electrolyte Cap Input/Output >ESR
—Power Inductor is not shielded

-Bad Layout uith large Current Loops

—Power and Analog GND not separated

-No MOSFET Gate Resistor

-No Input&Output Filter

-Feedback Trace bad routing

Uin 5U/4,5A

o RS R4 .,
al 188K 180k 2¢ k1
+ 1 ¢
nig — _ - GND ¢911@17100¢C
— - 25 WE_TBL181
186R - QT :.
2C91 o B L SaE
1l a4 T & 1 €0
. ic1 obls N R 20§
2n2 LM3481 eT N BN % 2us
= - 2C81 1 10 2C6i a -1 '“‘:J% e
%l—«—?—!ﬁl—" ISEN VIN 1UF /25015 D1 Uout 12U / Z
n 2 C5 r 2,
uLua K2
[} | Ry <
H . Vool B 11 Ig D UBPANGB-M3 L
R7 457Uk /25U G ; M1 =l C2 GND 691101716082
9 —1 e 4 | g o [T IPD@7BNB3L -=-:> - WE_TBL101
ol 1k R3 g Logic Level ~N B3
< rassp S —i 30U/50A/7m0hm M =
a | S— N,
ol z . 33k L Saf
0 AGND O pGNO2 fsu: BShdkHZz C . 1 o 'jﬂ:DE
ritica N oowa
~l + €=V
2 GND O H[]e Loop
[G] UN o>xT.C
GND - £ |2
(&>}
e "\
GND GND GND GND

A Boost Converter is critical at the Output!!
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Boost converter Bad Example WE=-

WURTH ELEKTRONIK

Feedback
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Boost converter Bad Example no filter

WE=-

WURTH EI.EKTRONIK

(=]

-
Receiver ]
RBW (CISPRE) 120 kHz M™MT 100 ms
Input DC & Att 10 dBé Preamp OFF  Step LIM

Level dBpVv Frequency 100.0000000 MHz

(O
Average 5.65 [

Scan O1Pk Clrw@2ay Clrw

lelt Ghec:k 10 MHz

in 5&!]22 .A'u"
80 dhﬂ“ﬁ 5&1]22 :QF'

i e == R PR

70 daw ;
i

5502;._@;'
@ ﬁw-ﬁ%wgﬂﬁ&mw.u .
SS022-4W

e}

i

40 I:IE-|_|‘-.-"

55dETN (LI

0 daw

20 dBpy

10 dBp/

0 dBpy

BE-

Stop 100.0 MHz

Start 150.0 kHz
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Boost converter Bad Example with filter —w£+

WURTH EI.EKTRONIK

[ Receiver ] lnéll
RBW (CISPR) 120 kHz MT 100 ms
Input DC & Att 10 d&  Preamp OFF  Step LIN
Level dBpv Frequency 100.0000000 MHz
Average 18.31 (& | | | @ | |
Scan Q1Pk Clrw@2av Clrw

lelt ChEn::k i L U1 MHz PASS i L 10 MHz
ing 55022-AY | 1 1 i PASS ' ' o
a0 “'EH?E 5&1]22 :QF' R PASS

70 I:IE-|_|"-.-"

S5022-0F i
60 dBpy h‘“‘% :

55022 -2 i
50 de.uu E‘“‘% :

40 d_E.uu

30 dBpw

-\_\__T:—.E==____.___ [ DU R DR DR

I

WRCUL ] A AT

Start 150.0 kHz Stop 100.0 MHz
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Boost converter Good Example — W —
WURTH ELEKTRONIK
Good Example:
—Low ESR Imput Caps
-Low ESR Output Caps
~Input&Dutput Filter
—Low Impedence Layout
—-Small Current Loops )
-Fully shielded Pouwer Inductor . L3 Uin 5U/4,5ﬁ
GNDA RS R4 -S1gnal GNDA 1s separated and guiet 744273501
180k 180k —
==C3 L L 1.NE75L5HC = E%3F/25U WE_TBL1@1
= 2. oy ? N 491101712002
18R N E
; 0 |3:8 |35 OO
AF o oz m 3iL | gite
= w o 2
2n2 LM3481 e ﬂl'5§§ R R Uout 12U / 2A
GNDR  Rg c8 Cé bt GND GND
||—<—|:|—|2 I—1 . ISEN uin L2 jqu/25U% = - »
3k 47n ULvo Ch . ﬁ_ ) 1 -2 2 .W -
vct HII—P D UBPANSB-M3 74404254150 e - -
COMP @ ~ B WE_TBL181
GNDA M o &l _ct HETLES o
R7 2 Ce = C12 5mH 431101710002
I 1k Lagie Level = B'I i v 5 - %,1
g Fasso 300/58A /7 m0nm Qha |[o8 Q8.
7L - Sof [Bdge oo
oLz AGND 8 PGND2 . Si0 |8¢985 =N
Critica Ser |®2LE =hE
LA
< = Loop GND
S L )
[49)
S
GND i
& GND
A Boost Converter 1s critical at the Output!
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Boost converter Good Example e —-

WURTH ELEKTRONIK

Freedback
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Boost converter Good Example e —-

WURTH ELEKTRONIK

[ Receiver ] IE%II
RBW (CISPR) 120 kHz MT 100 ms
Input DC & Att 10 dB  Preamp OFF  Step LIN
Level dBuv Frequency 100.0000000 MHz
0 20
| | | | | | | | | | |
Average 21.71 (T | | | | | | |
Scan Q1Pk Clrw@2av Clrw
Limit Check! | ! ! 1MHz PASS | © 0 110 MHz
- DIEin 55022-Av 1 1 0 PASS ¢ 1o
IFnE 55022-QP | | | | | PASS |
70 dBypy——————————— ' f
SS022-0P— ! | :
60 dBpyV——=— ;
SS022-Av || !
S0 dBY—— = f

40 depv

30 dBpv

20 dBpv

L TH
Stop 100.0 MHz

Start 150.0 kHz
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STORAGE INDUCTOR SELECTION
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Inductor selection

Y TYTY Y Py Uout :5V

Example: Step down converter "V ooz o

oV 1 1

(1)DC = Sou _ V033
U, 15v

@ Irated = Iout :1A

(31, .. =20%...40%-1_, =0,2...0,4A

ripple —
@ L = DC-(U;, U, _ 0,33-(15V —3V)s
f r-l,, 200E3-0,2-1A

L =83....33uH | > choose average value 56pH to begin

/ \ A
Jo2 rigs |OPtimization

(practical values)

switch
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Definition of saturation currents “WE—-

110

Definition 100
Wirth Elektronik:

90
e.g. WE-PD

80
70
60
50

inductance L/Lo [ %]

40
30
20
10

WURTH ELEKTRONIK

\\ T} AL=-10%

0
0 5 10 15 20 @ 30 35 |[A]
Saturation Current

- the saturation current always refers to a certain inductance drop and is individually
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What is saturation current?

Induktivitat vs. Strom (typ.)
Inductance vs. Current (typ.)

11,00
10,00

9,00
8,00

7,00

6,00

L (uH)

5,00

4,00
3,00

2,00

1,00

0,00

Current (A)
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WE-PD
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WURTH ELEKTRONIK

LIVE EMC DEMONSTRATION
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WURTH ELEKTRONIK

AC/DC CONVERTER EMI
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Transformers for EMC — What to choose? W=

WURTH ELEKTRONIK
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Transformers for EMC — No external gaps

= Center leg gap only
— Windings shield

= NoO gaps in outer legs
— Nothing to shield

No Gaps
Gap hefe

=
98

S

WURTH ELEKTRONIK

rrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrr

I
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Transformers for EMC — No drum cores 2 ==

WURTH ELEKTRONIK

= Drum core style
= Very large gap T
= Much radiation

Not a good solution!

2016 V.1.0 | Lorandt Félkel | Public / Confidential | EMV Messago Diisseldorf 2016

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



100

Transformers for EMC — No rod cores 2 ==

WURTH ELEKTRONIK

= Rod core style
= Huge gap — much radiation
= This is an AM antenna

So where is the gap?
What is this?
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more than you expect .
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Transformers for EMC — No El core EVE_—%EO

WURTH ELEKTRONIK

= Elcore style
= Mylar or tape used for gap
= Three unshielded gaps

Not a good solution!
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Transformers for EMC — Gap m =

WURTH ELEKTRONIK

= Gap must be perpendicular to flux lines

— Here only one side is gapped
= Uneven gaps are inefficient. =>Why?
— Core saturates at minimum gap. N

— Requires a larger gap AN
= Also larger gap — More potential EMI \KVL

— <
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Transformers for EMC —= Internal shields

= Shield both conducted and radiated noise
= Copper foil or wound magnet wire?
= Copper foil shields — Expensive, => Why?
— Must build shield
— Must be covered with tape
— Winding machine stopped to apply
= All shields take away space from winding area

] E
L Internal

shield
| | T |
N

i
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Transformers for EMC — External shields m =

WURTH ELEKTRONIK

= How do external shields differ from
Internal shields?

= Shield radiate noise only!
= As expensive as internal shields 1
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Transformers for EMC — Y-Cap termination “WE—-

WURTH ELEKTRONIK

D1
Tr1

) A
T
\ s

= Noise couples through the transformer via C,,,
« Noise seeks path to primary circuit
« Without path, noise may become conducted emissions

What Can We Do?

= Y-Cap across transformer reduces noise Decrease Cww?
« Tune the capacitor for optimum loss vs. noise reduction
« Capacitor usually in the 470pF to 4.7nF range What Else Can We Do?

« Y-Caps to transformer terminals not on switch nor on diode
* Close to transformer as possible
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Transformers for EMC - Reducing C,,,, W=~

WURTH ELEKTRONIK

= High Cww causes conducted emissions

= May reduce Cww, but what happens?

= Leakage inductance increases

= L, kg can be controlled by Snubber but efficiency and cost suffer
= Balance between Cww and Lleakg
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Transformers for EMC — No varnish or potting

WURTH ELEKTRONIK

Library of Known Ambients

IRULAT T LYY IR 1
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Transformers for EMC - Small designs e —-

WURTH ELEKTRONIK

Why build smaller designs?

= Build smaller more compact transformers
= Smaller transformers have less parasitic
— Less capacitance
— Smaller leads (e.g. smaller antennas)
— Smaller gaps
— Less leakage inductance
» Less conducted and less radiated noise
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Transformers for EMC — Power Supply W=

WURTH ELEKTRONIK

Snubber Y-Cap
CMC WE-FC /ranSformer

™~

Output filter
WE-TI

Switch
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Transformers for EMC — Example 1 e —-

WURTH ELEKTRONIK

Pegel [dBuV]
L s A . » Without common mode
. choke
- With adjusted Snubber
* Without adjusted Y-Cap
. QPeak

Avg.

Peak

AvgQ.

MG Test Failed

0 : : A R : : R : !
1501 300k 500k Th 20 3M akd Th 10 30m
Frequenz [HZ]
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Transformers for EMC — Example 2 e —-

WURTH ELEKTRONIK

Pegel [dBuY]
T s I S S .+ With common mode

. choke

« With adjusted Snubber
» Without adjusted Y-Cap
QPeak

Avg.

Peak

Avg.

EMC- TestiFalled

0 : : A : : A : !
150k 300k 500k T 20 3 ohd TN TOM 30M
Frequenz [Hz]
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Transformers for EMC — Example 3

Feqgel [dBUV]
100 [~ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T AT T T T T TRt L 4

]
] ] ] ] ] ] [ | 1 ] ] ] 1 ] ] [ ] I
' ' ' ' ' ' [ [ ' ' ' [ ' ' [ ' I
' ' ' ' ' ' [ [ ' ' ' [ ' ' [ ' I
8[:' --------------------------------- e Bl Tl Eantialidididid ol ity Kt Elitind alilid il | e Tl Bl e Bl I
] ] ] ] ] ] [ | 1 ] ] ] 1 ] ] [ ] I
] ] ] ] ] ] [ | 1 ] ] ] 1 ] ] 1 ] I
] ] ] ] ] ] [ | 1 ] ] ] 1 ] ] 1 ] I
' ' [ ' ' '

20 frocrgcottoie St S PN

EMC- Passe

0 : : A : : A : !
150k 300k 500k Tl 2h 3 ] L I I 30hA
Frequenz [HZ]
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With common mode choke
With adjusted Snubber
With adjusted Y-Cap

QPeak
Avg.
Peak
Avg.
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Transformers for EMC — Example 4 e —-

WURTH ELEKTRONIK

Fegel [dBLY]

100 e ,
| A ' S . » With common mode choke
R A .« Without adjusted Snubber
S s e e S M

. » With adjusted Y-Cap

QPeak
T — Avag.
St peak

Avg.

S0 R 1 M T TV

EMC: Passed

0 : : N : : R : !
150k 300k 500k Th 20 3M Sk T 10 30
Frequenz [Hz]
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Transformer for EMC — Conclusion for this power supply W=

WURTH ELEKTRONIK

= Necessary to pass EMI:

— Common Mode Choke
(CMCQC)

— Y-Cap
= Not necessary to pass EMI
— Optimized Snubber
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Common Mode Noise Suppression W=

WURTH ELEKTRONIK

WE-SAFB

L O ’

/&
WCAP-FTXX Cy == 1 f

N O—e

WCAP-FTXX

WCAP-FTXX  Cy = — Cy

PE
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Radiated Emissions made by AC-DC Converter s W/ ===
No Filter-no Y -Cap Wik LEKTRONK

] Uin: 230Vac Uout: 24Vvdc
] lout: 1,5A fsw: 100kHz
] Polarization: Horizontal
] Norm: EN55022A
dBpv/m
100
\ - - i MA/LMVM
\ / \\ J \ N , Ao
\ \ \ L \«W\A MMy I [, mhw‘"’wﬂ
W\ N M“(‘W W‘W\W‘W. il M”‘"'ww r
i LT O
0
-30
30MHz Frequency (MHz) 3GHz
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Radiated Emissions made by AC-DC Converter s W/ ===
No Filter- using Y -Cap Wl oK

" Uin: 230Vac Uout: 24Vdc
" lout: 1,5A fsw: 100kHz
" Polarization: Horizontal
= Norm: EN55022A

dBpv/m
100
\ M\
\ PN AN y ‘
\ \/ |/ 1 ‘ e My’ WWWWW {41,/4 W’W
7 < 7] MR T
W U ¢ AN N " e R R
v " /"/ IAPMW/\MW/L e ”‘Wm :ﬁmr‘%wm%‘ﬂmwmm "
A i }“ : " '&\ )\V‘W Ao, il JwV\fr‘/v:‘—«Ww:;w'NWM e it
! '\"'mw'fw'w s el
0
w/o Y-Cap
with|Y-Cap
-30
30MHz Frequency (MHz) 3GHz
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Radiated Emissions made by AC-DC Converter

Use Input Filter & Y -Cap

cy1 L Ryﬁd
A7nF T ' LX1 ~
CX1 .| 12mH .

cyz L
4.7nF ”

2.2M

Y- Cap
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Radiated Emissions made by AC-DC Converter s W/ ===
With Input Filter & Y -Cap WO REKTRONIK

] Uin: 230Vac Uout: 24Vvdc
] lout: 1,5A fsw: 100kHz
] Polarization: Horizontal
] Norm: EN55022A
dBpv/m
100
VXWMM M ‘ WWWWM
0
w/o Input filter
with Input filter
-30
30MHz Frequency (MHz) 3GHz

EVB von MPS
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INPUT FILTER
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Conducted Emissions made by AC-DC Converter w£+
without Input Filter with Y-Cap ~wonm Eikraon

" Uin: 230VAC, Uout: 24VDC
" lout: 1,5A, fsw: 100kHz
. Measured: L to PE
" Norm: EN55022A
dBuv
100

I n”t I

\‘ ’v “"‘ \ (l “ | H \‘ (\‘
IR AN T L \HM‘ \lu WM‘! (Ll MM
v T
0 I \

-50
150kHz Frequency (MHz) 30MHz
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Conducted Emissions made by AC-DC Converter w£+
with Input Filter & Y-Cap Wik pioNK

" Uin: 230VAC, Uout: 24VDC
. lout: 1,5A, fCLK: 100kHz
" Leitung: L nach PE
. Norm: EN55022A
dBuv
100

{LJ\\“J‘\A \"M H\AMIM ‘\ W M &” HWn. 1 UHJ \“\\\[‘\\i\“i\h/\\‘\ hu’Ji"\ﬂltit“ll\l".ﬂnwl i

| i‘ T i
AL L IM "
U

=

0
150kHz Frequency (MHz) 30MHz
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WURTH ELEKTRONIK

OTHER EMC SITUATION
FOR AC/DC CONVERTER

2016 V.1.0 | Lorandt Félkel | Public / Confidential | EMV Messago Diisseldorf 2016

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



124

Radiated Emissions made by AC-DC Converter W=
without Ferrite bead and without Y -Cap ~wormi makonK

= uin: 230VAC
. Uout: 12VDC
= lout: 4,16A

= fsw: 90kHz

Bottom

dBuV/m - e i
100

no Shielding With Input Filter

v A | \ At bt
Y \\Ww“ T MWWAN /\M"ﬁ\m i A ittt b I
LW e AR
Lwrmf W H“W 4 W"‘\/W n WWM\W
0
-30
30MHz Frequency (MHz) 1GHz
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Radiated Emissions made by AC-DC Converter = 125
with Ferrite bead and without Y -Cap B gy T

WURTH ELEKTRONIK

= Ferrite bead selection: <
— Check noise frequency
— NiZn Ferrite bead —r—
— use WE-SAFB 4x2 mm, 2500hm @ 90 MHz

Ni-Zn Ferrite bead

1000

250 Ohm

=
o
o
y A
y 4
y A

\

Imp.gdance [Q]

1 10 100 1000
Frequency [MHz]

e turn

Ni-Zn Ferrite bead
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Radiated Emissions made by AC-DC Converter w£+
with Ferrite bead and without Y -Cap Wi mekToNK

= uin: 230VAC, Uout: 12vDC
= lout: 4,16A, fsw: 90kHz
= Polarization: Horizontal
= Norm: EN55022A
dBuv/m
100
[¥a
g |
W, v AWA oy
\;\w}”ﬁ/\f/ «.?\MWJL . MW f ™ “\mﬁ; L gl
‘\w’hﬁ V‘\ fn o ’ ‘*’ U et | ™
: L M\HMHJ .A W Mu/\ ”M ey I W"WA H WWWWﬁW¢M“MW
g '"’W‘“’ﬂ“-‘w.w%m_,“\,rﬂw,\JW,,-%.JW ”m W WV i (gl Rk
0
w/o Ferrite bead
with Ferrit bead
-30
30MHz Frequency (MHz) 1GHz
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Radiated Emissions made by AC-DC Converter _w£+

with Ferrite bead and with Y -Cap

=  Selection of Y Cap

High freq. type

High Voltage

Low ESR

Small package

Example: WCAP-CSSA 1nF

= Selection of Ferrite bead:

© All rights reserved by Wiirth Elektronik eiSos GmbH, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us

NiZn Ferrite bead
Small size bead

Example: WE-SAFB 4x2 mm, 2500hm @ 90
MHz

WURTH ELEKTRONIK

ﬁKapazitive Kopplung

] s
]I
<
c
@)
=

5

Y-Cap with NiZn Ferrite bead

Dlode

Al cooler

((\K[H - ‘,\‘\“‘\f:
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Radiated Emissions made by AC-DC Converter
with Ferrite bead and with Y -Cap

128

S

WURTH ELEKTRONIK

= uin: 230VAC, Uout: 12vDC
= lout: 4,16A, fsw: 90kHz
. Polarization: Horizontal
= Norm: EN55022A
dBuv/m
100
AN
"t ‘ |
\ /JA'\/\/\WM‘A
: \‘\/ & i s et
0
w/o Y-Cap & w/o Ferrite bead
30 with Y-Cap & Ferrite bead
30MHz Frequency (MHz)
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Radiated Emissions made by AC-DC Converter
with Ferrite bead and with Y —Caps + Snap Ferrite

129

S

WURTH ELEKTRONIK

= Uin: 230VAC, Uout: 12VDC B

= lout: 4,16A, fsw: 90kHz

= Polarization: Horizontal

= Norm: EN55022A

k
dBuv/m
100
|
'R@Aww
0
w/o Snap Ferrite

20 with Snap Ferrite

30MHz Frequency (MHz) 1GHz
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Radiated Emissions made by AC-DC Converter = 130
with Ferrite bead and with Y —Caps + Shielding R

= Uin: 230VAC, Uout: 12vDC
. lout: 4,16A, fsw: 90kHz
. Polarization: Horizontal
. Norm: EN55022A

dBuv/m
100

Schielding

A

In N |
vl e
Mk et
i AN i AT —
WY it i A b | e
v AL [ A Y R i

o
My Wi
Wy,
b W MW‘J‘ W bt

0
w/o Shielding
20 with Shielding
30MHz Frequency (MHz) 1GHz

2016 V.1.0 | Lorandt Félkel | Public / Confidential | EMV Messago Diisseldorf 2016

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



131

S

WURTH ELEKTRONIK

OTHER EMC SITUATION
FOR A DC/DC CONVERTER
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more than you expect |

DC/DC Converter with galvanic separation

132
T o
’lfi*?
-_—
f— _o_

WURTH ELEKTRONIK

' — K3 KS
Jin 18U-36U 61309211121 PWS2 61388211121 Vout 12U/25@n
2 S t53 o ot [ = s 2C k2
kK1 3L umper ié 24 +IN N - umper 2
se11e171z0e2 L R p— Bad ra— T |6911@1718@@2
GND <1 1 -IN <1 % L
I 2| 1 —out 2 ©
T
—_ TES3-2412 %J__
Jumper GND )
o~ - Jumper
61300211121 C4 N
K 4 2= =1 61300211121
{sw=300kHz
189n/2280U
L1
1 2 ! PLUS1L L4
L2 10UH 3 % 23| | + 13 § o L - L3
] 2| > rygiiios %’\.‘ a‘f\.‘ a2 I Y [Todz ae o el a2
_‘W m=g Q N 8 ISEEAYs Q WE-MAPT I\ Q ]
4.= 3 u__; — } 1 Good O } O B ) % 4.= 3
Y YN Q SR > -IN . TH Tg -« 2 I_W
744222102 —IN —0uT & I 744222182
WE-SLS EE_CS'Gf ElE_-ﬁESﬂx - WE-SL5 T
L TES3-2412 e Ol =
GND Alu-Elektrolyt Keramik (€]
865230443024 8791154520@4 C5
2] 1L
| | |
180n/2800V
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DC/DC Converter with galvanic separation W=~

WURTH ELEKTRONIK

Good
Example
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DC/DC Converter with galvanic separation 18V input

no filter

p
Receiver ]

134

WE=-

WURTH EI.EKTRONIK

=

RBW (CISPR) O kHz ™T
Input DC & Att 10 d& Preamp

100 ms
OFF  Step LIM

Level dBuv Frequency

(30.0000000 MHz/

Average

Scan 1Pk Clrw@2ay Clrw

nE 55!]22 A.'u'

lelt check : 1 MHEAIL 10 MHz
in 55022- QP FAIL P
=0 dk FAIL

70 dE-;pV

Esgaaﬁm |

SS0Z22-40 :

TF

Start 150.0 kHz
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DC/DC Converter with galvanic separation 24V input
no filter

p
Receiver ]

135

WE=-

WURTH EI.EKTRONIK

=]

RBW (CISPR) 9@ kHz M™T 100 ms
Input DC & Att 10 dB Preamp OFF  Step LIM

Level dByv  Frequency  (30.0000000 MHz

-20

1]
Average 4.80 ETEEEEE

Scan O1Pk Clrw@2ay Clrw

LimltChEt:k i N ilMHEAIL : ! i L 10 MHz

ing 55022~ QP | o | FAL
a0 dh W I R
he 55022 avi 1 T T FAL

70 I:IE-I_I‘-.-r

40 dBp

30 dBpy E — i ; : ; ‘

——

TF

Start 150.0 kH= Stop 30.0 MHz
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DC/DC Converter with galvanic separation 32V input _w£+
no filter WUIITHELEKTRONIK

p
Receiver ] l':%:tl

RBW (CISPR) 9 kHz MT 100 ms
Input DC & Att 10 d&  Preamp OFF  Step LIM
Level dBpv Frequency 30.0000000 MHz
-20
| | | | | | | | | | | | |
Average 323 ETHMEE 2@ 00 0 60 80 100
Scan O1Pk Clrew@2avy Clrw
Limit Check | | | | | 1MHEAIL L0 10MHz
in 5502:2 QP ! b | FAIL oo
a0 dﬁkﬁ 5502:2 AV FAIL
70 daw j ' N S S
55022-0F i
Bl dau% i

40 dBp E T E |

30 dBp

20 dBp

S L |

0 dBp

= |

: TH
Stop 30.0 MHz

Start 150.0 kHz
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DC/DC Converter with galvanic separation 24V input _w£+
Wlth |nput fllter " WURTH ELEKTRONIK

B
Receiver ] lnéll

RBW {CISF‘R} QkHz MT 100 ms
Input DC & Att 10 dBé Preamp OFF  Step LIM
Level dBpv  Frequency [30,00900()0 MHZ].
-20

Average 4.23 ETEE

Scan O1Pk Clrw@2ayw Clrw
Limlt Ghet:k i I 1 MHEASS : ! i L 10 MHz
ine 55022- QP | t 1 1| pass ' : : Lo
50 dkﬁz 5502:2 .w + ¢ 1 | PASS

70 dE.uu
55022-0F
60 dBpv HH
S5 0220
50 dBpv —_h__”“‘“%

40 dBpv

30 dBpv

20 dBp

Start 150.0 kH=z Stop 30.0 MHz
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W=~

WURTH ELEKTRONIK

MEASURMENT TECHNIQUES
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Measuring voltage ripple

100mA Oscilloscope Example:
" | ° UOut
y e bc Zout
| 80mA |
Out
| IGND
| RGND
r U
Phase
@ Drop
Acv Neutral

f o ‘Protected Earth

= Avoid incorrect voltage amplitude caused by GND / PE loops
» Higher currents causes higher voltage drop

= Useisolation transformer

= Don’t use probes with ground clips to reduce spikes
» Inductive coupling by ground clip
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7=
WURTH ELEKTRONIK
5V
: 50 Q
: 100 mA
: 20 mA
1Q

= RGND = IGND = 20mV
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Conducted Emission test setup W

WURTH ELEKTRONIK

1500

AC (D) Phase , L L
LISN DUT

J Neutral ,,N“ N

Protected Earth ,,PE“ PE

= ’]\ 500
EMC-
Receiver

= LISN: ,Line Impedance Stabilization Network*

» Create known impedance on power lines for DUT

> Filter mains voltage and cut higher frequency

» Transfer conducted emission noise to EMC-Receiver
«  EMC-chamber is recommended but not required
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DC-LISN “We——

WURTH ELEKTRONIK

S5uH

. C‘) 100nF| — Uoe

1pF
SO0R UNoise

—v v

= DC-LISN allow measurement of conducted emission at DC/DC converters
= Decouple the DC from the EMC receiver

= Creates 50Q impedance for EMC-receiver

= Just differential noise measureable
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Ripple-Measurement ﬁ

WURTH ELEKTRONIK

 for a clean external connection
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WURTH ELEKTRONIK

EXAMPLES FOR BAD DESIGN
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Example for Bad Design “WE—

WURTH ELEKTRONIK

FL3
) 1 2 , _
= Schematic for AC/DC o ol R,y S J_ |
converter %Sﬁ E_gﬁ Ses e -
£ = : ae

II-\,. .'..:{
5
| o iy £
; [
H cposye a
- o Ee
L ! i . ¢_..I = g, X &
M o '1__-:|_ L"‘" (i S =h - S]JZEL‘_‘}L - o
- TonT 828542711 0 o i =B
pE | 3 | & < &5 o “-¥
+ Ml
o Fa B
Bp [ ¢
R 0
[l ey [ty [_:4.1 LRI T ] n:‘:
= No Input Filter A B T TN = =
P 19% 87 1s4d e PN T T
= Bad Layout -

L
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Example for Bad Design

= High Emissions for o7
Conducted T

= QP & AV limits
exceed

=
151

S

WURTH ELEKTRONIK

MJ._ L EN SR Class B QP

| et e e Ay

Lewvel in dBpY
&

101

»

300 400 500

200 1M

2h M 4M SM B
Frequency in Hz

& 10mM 20K 30M
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Example for Bad Design WE—

WURTH ELEKTRONIK

= No Input Filter
= Simple Pi Filter = Layout mistake!

= Wrong positioned Filter
= Simple 2 Layer

= Bad routing
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Example for Bad Design

= Un insolated DC/DC converter

FE1
LC-10_FCH BN El
: [':-_-_—I P o ouT
I A~ EYMI0-EC - .
|HH 3H D
b
3 _I:“I“I _I:“|2
mp 1OQFAEEY Mrz0pF o2nF

R14
I

= No input filter
= Bad Layout
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2
L1 ¥
VY i .
15uH
ol s : L ]
- E[ [ w1 OpFAEEY
Ao
2]
[ix]
o
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[ix]
D[ 2
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(v
GND
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Example for Bad Design WE—

WURTH ELEKTRONIK

: . Pegel [dBuV/
= High emissions for egel [dBuV/m]

radiated L A A S H A A M A

= Limits over shooted S : i Pood
LU S e Zat Hieiy St Sk ik St o e A

6O

SYTEBARAA MR AN |47, I

0 : R : : : I

30M  50M  70M  100M 200M  300M 500M 700M 16

Frequenz [HZ]
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Example for Bad Design

= No input filter
= Simple 2 layer
= Wrong position for output capacity

= Bad Ground routing
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DESIGN TOOLS
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WE Component Selector

157

_

— —O0—

— _o-

f— _o_

——————e————— )~

WURTH ELEKTRONIK
W WE Component Selector - [Inductor Selector] ..J_.I— nv ll
Datei  Hife Inductor Selector  FLEX Transformer Designer  RF Inductor Finder  Chip Bead Ferrite Selector Eenster - 8 X

—~ Buck Converter

Uin=10-15Y V=036
Uf=07V ton=145ps
Uout =5V L opt = 24,20 pH D ¥l
lout=34+20% f=250kHz Einstellungen
o
=
o 15
4
R
5
nis
=
o
o 2 ‘ 6 8 10 12
Zeit (ps)

| peak = 3,33 4
AlL=0B64

Temp. Rise = 25,65 K

— Drossel WE-PDF 7447798221 in der Anwendung

DC Loss = 321,69 mw
AC Loss = nicht verfugbar
Core Loss = 43,04 mw/
Total Loss = 370,74 mw

OrderCode Sat

744771118

RatedCurrent @ Tn
3484 @ 4000K

inductor... « Series

WE-PD

: A adl oo 3
Single WE-PD 1280 744770122 22,00 pH 33.00 mOhi 4104 @ 40,00K
O Single WE-PD 1280 744770127 27,00 pH 35,00 mOhm 3704 @ 40,00K
Single WE-PD 1210 7447709220 22,00 pH 23,30 mOhm 5304 @ 40,00K
O Single WE-PDF 1064 7447738131 18,00 pH 27,50 mOhm 4,704 @ 40,00K
O WE-PDF 7447798221 22,00 pH 35,60 mOhm 40.00 K

35 )
35
= s
TR e | I A== S
g T T 2 a
o CH A TITTTR =
£ 30 b
L mur e
Ll A v Ry mav
§:21
5 23
# 28 Ao
25 AT
24 [
002 6 B 10 12 8 910 111213 141516 17
Zeit (ps) Zingangsspannung (V)
Notstol Detad:
Lapte TSI M
Tows » 2000 A
Vi=03)
tons 14500

O Single WE-PDF 1064 7447798241 24,00 pH 38,00 mOhm 4004 @ 4000K
[ Single WE-PDF 1064 7447798271 27.00 pH 40,50 mOhm 3904 @ 40,00K
O Single WE-HCI 1365 7443551181 18,00 pH 22,00 mOhm 7504 @ 50,00K
Single WE-HCI 1365 7443551221 22,00 pH 24,70 mOhm 6004 @ 50,00K
O single WE-HCI 1830 74435572200 22,00 pH 14,60 mOhm 11004 @ 50,00K
<l | 2
Hz] select all I L?_] deselect all
10° 200
== 150 //
£ 8
= =
5 g /
£ 1 3 100
3 10 d
£ E /
= o
E &
- w5 /!
T / L
) i
BBRRZ B RN
10° 0 2 b
0 B 10 15 20 i} 1 2 3 4 5 6 7 8 9
Strom (A) Strom (A)

o Y

i

2016 V.1.0 |

Lorandt Folkel |

Public / Confidential | EMV Messago Diisseldorf 2016

© All rights reserved by Wiirth Elektronik eiSos GmbH, 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=-

REDEXPERT

WWW.We—onIine.com/redexper‘t

wﬂm ELEKTRONIK

Buck Converter m

O_

10.0V

15.0V
Ve

120V

O

PARAMETERS

Input

Vinmin 10V Vinnom 12V

Vinmax 15V

Qutput

Vout 5V

lout

M
T

Switch

few 500 kHz

Inductor

4l 40 %

Diode

Vi 0.3V

Dizplay details

# Start Wirth Elektronik Group Sign in

WE-MAPI - Single
5.80 pH - 88.0 mQ
280 A 4680 A

WE-TPC - Single
5.60 pH - 20.0 mO
400A-400A

4

Inductance (uH)

]

o

(%]

2016 V.1.0

Lorandt Folkel

Current (A)

Public / Confidential

Temperature Rise (k)

100

20

40

744071056 Fy  Single 5.60 pH 20.0 mO
< 7440650068 gy Single 6.80 pH 250 mO 4204
<> 7440650082 =y Single 8.20pH 285m0 380A
<> 7440660062 m  Single 6.20 pH 16.5 m 430 A
<> 74408943068 gy Single 6.80 pH 51.0 mQ 200A
I
74438356056 744071056

360 A

280A

450 A

270A

1028

1028

1038

4838
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WE=-

WUR'I'H ELEKTRONIK

[# English ~

waeer: REDEXPERT®

fee Bl c[o Sl Sles Bl Bl

400A 8043

8.0 mm

10 mm

10 mm

10 mm

4.8 mm

Inductance / Current D Temperature Rise / Current D

100 items

8.0 mm

10 mm

10 mm

10 mm

4.8 mm

& Free Samples

o Tidy Up

EMV Messago Diisseldorf 2016
© All rights reserved by Wiirth Elektronik eiSos GmbH, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.

3 4
Current (A)

www.we—online.com


http://www.we-online.com/redexpert
http://www.we-online.com/redexpert
http://www.we-online.com/redexpert

Simulation - WEBENCH

My DesignsiProjects

W=

WURTH ELEK TRONIK

W=~

WURTH ELEKTRONIK

* http://www.we-online.de/web/de/electronic components/toolbox pbs/webench.php

Mew  Solutions Visualizer Assistant

RECOMMENDED PARTS

| BFE | @fshyr | B8 | #1230 | Pycckni Aswik | Portugués | Deutsch

/" WEBENCH® Optimizer

Switching Regulator

Switching Regulator

Switching Regulator

TI"\Jr WEBENCH Visualizer LM3102 LM25576 LM22670-ADJ
Compare all designs in seconds Lowest -
P g BOM Cost @ Open Design
? . G |
i (Size)| = ! |

E (i) = Total BOM Cost Smalles Highest Design Note High Efficiency Design Note Fast Transient R... Design Hote Adjustable for V...

E - Footprint Efficiency Topology Buck Topology Buck Topology Buck

-E' - =) E Footprint (mm2) 340 Footprint (mmz2) 278 Footprint (mmz2) 348

£ - - Efficiency (%) aT% Efficiency (%) 854 Efficiency (%) 83%

- — p SN # WEBENCH® Visualizer Frequency (kHz) 315 Frequency (kHz) 361 Frequency (kHz) 388
Efficiency BOM Cost $4.59 BOM Cost $5.69 BOM Cost $4.51
o o S
Switcher Solutions
Switcher Solutions: (146 found) [ ] Show All Columns [ | Show Alternate Topologies [ | Show Only Modules
Part Create WEBENCH® Tools Topology Efficiency Footprint Frequency | Vout p-p Cross Freq | Phase BOM Cost | BOM Count | lout Max Design Considerations
(%) (mm2) (kHz) (m\}) {kHz) Margin (A)
(deq)
LM3151-3.3 | AVE = Buck 91% 524 245 6.01 NA NA $5.15 10 12.00 SIMPLE SWITCHER(r] Controller
LM43602 Q’: E AV Buck 39% 126 350 1.90 14 75 $4.47 13 2.00 SIMPLE SWITCHER Buck Regulator
LM3150 q: E_ AVE =4 Buck 93% 443 265 5.52 NA A $5.89 15 15.00 SIMPLE SWITCHER(r) Controller
TPS54339 Q’: ﬂ AV, Buck 38% 285 646 469 NA HA $2.83 12 3.00 Wide Vin Buck Converter with EcoMode
TPS54239E G E_ Ny Buck 88% 285 646 472 A NA $2.73 12 2.00 Viide Vin Buck Converter with EcoMode
- 28V, 3A, Low lg, Synchronous, monolithic buck

TPS54335A G Buck 88% 340 270 168 16 59 $3.43 13 3.00 B
LM43603 q: E AV Buck 89% 230 350 3.34 12 74 $5.53 13 3.00 SIMPLE SWITCHER Buck Regulator
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Simulation — LTSpice IV

* http://www.linear.com/designtools/software/#LTspice

ra
File Edt Herarchy Wiew Smulate Tools Window Help

ER— = R O AR B ERE sBBefH H8 |/ +B 3 x000 A

4 FeniteBead 2() | 4 FeritsBead_2)|

elect Stock Inductor

Quit and Edit Database

——

1 u1
DC {Ildc} EH

74279252

N

.ac dec 401 10Meg 1.8G
.step param Idc 0 3 .5

AC 1

Bl Component Attrib| ;ﬁ;gggn

7427532411
Open Symbol: | Cf 74275245
74279244
742792510
742792511
This is{ 742792515
742792514

SpiceModel = | 74279252

Attribule [ Value
¥

Prefix

Insthame ut
SpiceModel 74279252
Yalue

Yalue2

SpiceLine

SpiceLine2

Cancel

This example schematic is supplied for informational/educational purposes only.

Editing camponent: UL

List All Indhuctors in Datsbase | Cancel
Mg, | Part Mo, | ipkia] | Fseda] [a]

Wunth Elekronk, 744029006 WE-TPC 0650 0.230
“wiurth Elektronik 744029100 WE-TPC  0.500 0.250
wunth Elekyonik, 744030001 WE-TPC 1100 0.088
“wiurth Elektronik 744030002 WE-TPC  0.800 0136
WuthElektronik 744030003 WE-TPC 0720 0180
wuth Elektronik 744030004 WE-TPC 0500 0230
Wiurth Elektronik. 744030006 WE-TPC  0.430 0.230
wunth Elekionik, 744030100 WE-TPC 0350 0610
Wiurth Elektronik. 744030220 WE-TPC  0.260 11560
wunth Elekionik, 744031001 WE-TPC 1550 0.035
“wiurth Elektronik 744031002 WE-TPC  1.260 0.045
WuthElektronik 744031003 WE-TPC 1100 0.065
wuth Elektronik 744031004 WE-TPC 0,900 0.085
wuth Elektronik 744031006 WE-TPC  0.750 0125
wuthElektronik 744031100 WE-TPC 0560 01865
Wiurth Elektronik. 744031101 WE-TPC 0180 2.060
wunth Elekionik, 744031150 WE- TP 0.450 0230
“wiurth Elektronik 744031220'WE-TPC  0.360 0360
WuthElekironik, 744031330 WE-TPC 0320 0545
“wiurth Elektronik 744031470'WE-TPC  0.260 0200
WuthElektronik 744042001 WE-TPC 2600 0.020
wuth Elektronik 7440420018 WE-TPL  2.400 0.050
Wiurth Elektronik. 7440420027 WE-TPL - 2200 0.060
wunth Elekionik, 744042003 WE-TPC 1800 0.050
Wiurth Elektronik. 7440420035 WE-TPL  1.700 0.060
wunth Elekionik, 744042004 WE-TPC 1650 0.070
“wiurth Elektronik 744042005 WE-TPC  1.360 0080
WuthElektronik 744042006 WE-TPC 1250 0.080
wuth Elektronik 744042008 WE-TPC 1,100 0100
“wiurth Elektronik. 744042100 WE-TPC  1.100 0130
wuth Elektronik 744042101 WE-TPC 0300 1170
Wiurth Elektronik. 744042120 WE-TPC  0.950 01560
wunh Elekionik, 744042150 WE-TPC 0750 0130
“wiurth Elektronik 744041180 'WE-TPC  0.700 0.270
WuthElektronik 744042220 WE-TPC 0600 0280
“wiurth Elektronik 7440430012 WE-TPL - 2.800 0.ms
WuthElektronik 7440430018 WE-TFT 2450 0.020
wuth Elektronik 7440430022 WE-TPL 2350 0027
Wiurth Elektronik. 7440430027 WE-TPL  1.950 0022
wunth Elekionik, 744043003 WE-TPC 1,800 0.030
Wiurth Elektronik. 7440430035 WE-TPL  1.650 0.060
wunth Elekionik, 744043004 WE-TPC 1,700 0.050
“wiurth Elektronik 744043005 WE-TPC  1.300 0070
wuth Elektronik 744043006 WE-TPC 1250 0.080
wuth Elektronik 744043008 WE-TPC  1.050 0.090
Wiurth Elektronik. 744042100 WE-TPC  1.000 0.0595
wuthElektronik 744043101 WE-TPC 0290 0550
Wiurth Elektronik. 7440420 WE-TPC  0.950 0100
wunthElekionik, 744043150 WE-TPC 0750 0120
“wiurth Elektronik 74404 80WE-TPC  0.700 0150
WuthElektronik 744043220 WE-TPC 0700 0160
“wiurth Elektronik 744043221 WE-TPC  1.008 0.095
WuthElektronik 744043330 WE-TPC 0550 0183
wuthElektronik 744043470 WE-TPC 0500 0218
Wiurth Elektronik. 744043680 WE-TPC  0.400 0210
wunth Elekionik, 7440520012 WE-TPL 3,500 0.020
“wiurth Elektronik 7440620018 WE-TPL - 3.000 0.030
wunth Elekionik, 744052002 WE-TPC 2700 0.040
“wiurth Elektronik 744052003 WE-TPC 2,400 0.040

2100 0.050

“wéuith Elektronik. 7440520033 WE-TPL

WURTH ELEKTRONIK
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Energy Harvesting to Go kit WE—-

WURTH ELEKTRONIK

= Environment energy captured and converted into
electricity for small autonomous devices making them
self-sufficient.

® oeMo cRcuT Beawo-2  LTUER - A
EH MULTI-SOURCE BOARD () wi-ne8 ) 4 W /.

WR-TBL
WR-PHD 691 411 710 002
;ﬁ'?gm 610020 211
2 WE-EHPI
g ' WE-TPC 4828
005 161 21‘ ................... 744 043 220 744 885 400 7{0@5\
> | > 5]
N N
[ ‘ WE-TPC 3816
SIANT GECKO | - b
:uuguuu}_kf- .Q = .' > .:: WE-TPC 2811 744 031 100 /@\j
e 744028220 N7
=7 )
Battery Holder . L i /]
79523141
742792 66 £
<> wL-smew T WE-PD2
N1 150 060 YS7 500 0 $11100 017
50 060 BS7 500 0
:Mm HS; 5000 @

*» Thermo Electric Generator (heat)

*» Piezo Electric (vibration/strain) § Energy
“» Photovoltaic (light) » Management & >
*» Galvanic (chemical) 7' Storage

% Induction (motion)
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WE WPCC Demo Kit WE—

WURTH ELEKTRONIK
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Wireless Power Coils WE-WPCC- Tx/Rx coils 2 ==

WURTH ELEKTRONIK

» Fully compliant to WPC Qi standard
» Efficiency up to 85%

» Supreme shielding characteristics for low leakage
inductance

» Outstanding performance due to usage of Litz wire:
v' lowest Ry
v highest Q values
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Magl3C Power Module WE—-
DC/DC Step Down Converter with integrated inductor WU SURCTROMN

= Branch:
— Industrial
— Communication
— Audio/Video equipment
— Test & Measurement equipment

— Medical

= Application area:

— \Voltage supply
— Multi-Voltage Systems
Software developers with no hardware knowledge

~
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5 types with variable output voltage 2 types with variable output voltage
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Magl3C Power Module WE—-

O
DC/DC Step Down Converter with integrated inductor BRI R

Power Module Concept

Vin
l +Jsvw7cw1

ILoap
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Vour
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= * lswitch 2

Lead frame
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MagI3C Step-Down Regulator Power Module Family —w£+

WUIITH ELEKTRONIK

VIN [V]

6 i OFN Output Range:

0.8-6V

2.5-15V

0.8-3.6V
3.3V / 5.0V @0.5A

50 —
171 021 501

42 —

171032 401
36 —
28 —

171 012 401

171 050 601

171 020 601

171 020 302 171 040 302 171 060 302 6@ N ’EW

T our [A]
0.5 1 1.5 2 2.5 3 4 5 6
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Trilogy of Magnetics

|

H i m ")
%E LTSPICE ® TRILOGY TRILOGY

3 OF MAGNETICS OF CONNECTORS

or MAanETion

ES
NCIPLE ci6n
BAslpnP"ﬂ”lE“nn (13
A::L:H‘”n"s
E

S
8
N
N
W
S
o
3

pLES: ©
ano CAPAC!
‘-

r""‘"m"

« 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 Module
« 5. ABC of Capacitors

—>Basic principles, characteristics and capacitor types
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Il Questions 2?7 WE—-

WURTH ELEKTRONIK

= Do you still think ...
... that a DC/DC converter “does not generate Conducted Emission” ???
... that the EMC of a DC/DC converter “isn’t affected by the PCB layout” 2??

... that an “oscilloscope can’t help you to carry out any EMC tests” ???

"'h..-____._—n—-h-.___
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If you still have questions? e W/

WURTH ELEKTRONIK

Just call us: we try to help you

Don’t give up !!!
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Globally available. Locally present! W=

WURTH ELEKTRONIK

Headquarter in Germany

- S *
P4 R 2
E"L\,"{!

=
.

@ Own offices

() Distribution

o e Factories
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WURTH ELEKTRONIK

You can reach us:
+49 7942-945-0
+49 7942-945-5000
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Technical support needed? ==

Ask our design engineer Lorandt Folkel WURTH ELEKTRONIK

Follow me on ...

%

Twitter.com/askLorandt

You

we-online.com/youtube

Lorandt Folkel
linkedin.com/in/lorandtfoelkel Design Engineer

at heart

we-online.com/askLorandt

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