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EMC - Definition EVE

WURTH ELEKTRONIK

.Electro-Magnetic Compatibility*

Ability of electronic equipment and systems to operate in proximity of electromechanical
devices, without causing or suffering unacceptable degradation in output or
performance.

LF-area
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EMC Directive 2004/108/EC Ewii%
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Main goals:

- To ensure that the electromagnetic disturbances produced by
equipment does not affect the correct functioning of other apparatus as
well as radio and telecommunications networks, related equipment and
electricity distribution networks.

- To ensure that equipment has an adequate level of intrinsic immunity to
electromagnetic disturbances to enable them to operate as intended.

Obviously, the goal of the essential requirements is not to guarantee

absolute protection of equipment (e.g. zero emission level or total immunity). These
requirements accommodate both physical facts and practical reasons. To ensure that
this process remains open to future technical developments, the EMC Directive only
describes the essential requirements along general lines.

In the “new” Directive essential requirements includes both protection

requirements for equipment as well as specific requirements for

installations.
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EMC - Definition EVE
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Transmitter / Receiver”

- Apparatus which operate with other machinery in same electromagnetic environment.

- oy

P ~
Source / Transmitter ; <:>\\’ Load / Receiver
e
- Mobile base station - Receivers (TV, Radio, ...)
- Electro engine - White & Braun goods
- Hi power electronic - Computer systems
- Mobile device (Laptop, PDA, Mobile phones - Measuring, regulating systems (e.g. sensors)
etc.)

- Medicine electronics (e.g. Heart pace maker)
- Discharge of static capacity

- ESD (Electro Static Discharge — ,Person®)
- LEMP (Lighting Electro Magnetic Pulse)
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EMC - requirement Ew£§°
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Beqinning from definition

* an basic requirement to apparatus:

1) avoid }
Emission
2) prevent
3) attenuated Interference

Effective protection TO AND AGAINST other electronic devices
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EMC - requirement directive 2004/108/EC Ew£$°
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‘ Electromagnetic Compatibility ‘

v v

| Emission | | Immunity |

A 4

Conducted Radiated Conducted Radiated
Emission Emission Suscepit. Suscepit.
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EMC - Affect ﬁ
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Economical point of view:

« Depends when you will start to design EMC conform

Cost A

/
— - ——————————————r———————————————————-

Pre-design Prototype Production
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EMC - Coupling

...some time as intra system perturbation occurred
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» Possibilities to avoid such EMC situations can be done at noise source, coupling way or at

coupled load

- 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

]

L 1

Coupling way
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Basics
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Whas is frequency? Ewi'§°
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* lat. Frequentia = occurrence

« ...describe the numbers of incidents in a defined time

» all signal forms can be deducted from standard base oscillations (sin., cos.)

—> Fourier transformation

« if you overlay those base oscillation you will become new signal forms (vector addition)

- Triangle, right angle, ...

* the unwanted interfering generate our disturbance signal

- e.g. noise ( a accidental signal with “constant” amplitude)

* the aim of EMC: reduce / filter those disturbances
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more than you expect .
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What is frequency? What is spectrum? Ewixc
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* Fourier transformation

Transformation from
time domain into spectrum

=X
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What is frequency? :w£$°
— WiktH BTRONK

* Dependence of wave length -frequency
C

Alm] C
0,03 v A= — 0
/ f f- \VE M

0,05

0,3 // Example: for WLAN 2,4GHz
1 3x10%-m-s
/ 1 = 5
3 24x10°-s
0 // A =0125m
/ A 14 =3125cm

100

f[MHz]

300
100 300 1000 3000 10000
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What is an Inductor ? What is a coil?

...technical aspect:

—> a piece of wire wrapped on something

As a function:

* a Filter

* an energy-storage-part (for short-time)

What is the difference between Coil and Inductor?

Coll = Inductor

(many shapes) (just inductance)

Lorandt Folkel © Wiirth Elektronik eiSos 2012

W=~

WURTH ELEKTRONIK




What is an EMC ferrite?

...... technical aspect:
—> Sintered ferrite material applied to a wire

As a function
* RF-Absorber

* frequency dependant filter

Shapes:
Split ferrite

Toroid / sleeve ferrite
flat cores
ferrite plates
chip bead ferrite
multi hole ferrite

ferrite beads
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The magnetic field

Each electric powered wire generate a magnetic field

Field model
current |

Magnetic field H
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The magnetic field :w =

Field model

IH4x1030Z2

%

e

; Current |

\7 " Magnetic field H

Current |

&
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The magnetic field

| N1
Toroidal R T R
N -
solenoid % H = |
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Straight wire H — |
2-7-R

WE=-
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The magnetic field strength is
depending from:

 Geometries
* No. of turns

e Current
but

NOT ON MATERIAL




| more than you expect | _
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The magnetic field Ewii%
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Current |

|_\I
I

I\)I
I
I

:2-72-R

average

_____
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The magnetic field 5w£§°
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Air Rod core ferrite Ring core ferrite
(Ceramic)
------------------- > --~o _->
——————————————————— > N I ‘\\~- __"/’ ,—-VS N S
A R T N "% 0 0 0
SRR 15 s R >U i .. Y i v
Loyl W I e NI I 4
——————————————————— > e Rk 2
Induction in air:
B=u,-H
linear function, because ur = 1 = constant!
material-
frequency-
The relative permeability is a: temperature- -dependant parameter
current-
pressure-
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What is permeability? Ew£$°
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Relative permeability 1 AB
« describe the capacity of concentration of the U =——
magnetic flux in the material. My AH
* itis a energy factor to magnetize the material
Ferrite material Permanent magnet
=

r

* un ordered (random position)

 ordered

* soft magnetic - hard magnetic

Typical permeability W.: .« |ron power / Superflux : 50 ~ 150
* Nickel Zink (NiZn): 40 ~ 1500

* Manganese Zink (MnZn): 300 ~ 20000
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Permeability — Core material parameter = o
W=
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Temperature influnce

- The magnetization depends from the temperature

Alignment of elementary

T 4 ~ therm. movement 4~ Alignment V|~ magnets

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

Ferromagnetic change
to Paramagnetic

ssg 170 Point reached at
670 . !

0% ' A A e -
540 e o S e R Curie-temperature

50 40°C 23C 5O 85°C 150 250 T/°C
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Permeability — complex permeability
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Permeability — complex permeability
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Inductance reactance
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Core material — Inductors (Storage)

100%0==

90%

80%

70%

60%

Impedance

50%

40%

30%

20%

»0*“-400kHz

10%

\

0%
0,01

0,1

1 10
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Core material — Choke (Filter)

100%

90%

80%

70%

60%

Impedance

50%

40%
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Core material — Inductor / EMC-Ferrite Ewii%
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1. Application: Storage inductor

Request: - lowest possible core losses at switching frequency

2. Application: Signal filter for RF-stage

Request: - low losses to signal=> high Q

3. Application: Absorber / Filter

Request — highest possible core losses at application frequency
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Core materials — Application = o
W=
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Filter Storage inductor
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FILTER & SIGNAL
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Filter - basi LI
ilter - basics Nl

WURTH ELEKTRONIK

The energy can not disappear it will be just transformed into other energy form

—>energy conservation law

* e.g. electrical energy transformed into - thermal energy

* the core losses from ferrite transform the noise energy into heat

MAIN AIM:

Noise energy should not occur at all!
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Filter - basi =
lHter aSICS _wii
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What means filtering?

- useful to reduce coupling of noise from device A to device B
* reduce noise emission

* Increase noise immunity

* the signal should be not affected

Complexity?

—> Filtering can be very difficult if signal and noise frequency are close to each other

—> if signal and noise frequency are far away from each other, then is a filter design

very easy
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Structured interference suppression W
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= Recognize the coupling mode:
e cCOMMon mode noise
e differential mode noise
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How can we find out what interference we have? = —o
WE—-
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Common mode or differential mode?

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 Ch%ke

you have Differential Mode Interference e.g. chip bead ferrite
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Common Mode Filter — Signal theories 5w£$°
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Less noise

* From device to outside environment

 From outside environment to inside
device

TN

Conclusion:

 “almost” no affect the signal - Differential mode

 high attenuation to the noise > Common mode
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Common mode choke - construction - ==
— e ©

—_— O
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bifilar sectional

< ? Advantage ? >

Lieak ~ 0,01 ... 0,1 % * Lg Lieak ~ 0,5 ... 2% * Lg
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Common mode choke - construction

WE-SL2 744227
bifilar winding

10000

W=~
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WE-SL2 744227S
sectional winding

Hz

1000 — f L]
= e
K \ 2/ =+ -
Se A I O\’ Pd
AL i
.\
100 ’A\xﬂ( A
—~ ll’ 2
V4
77 <@ \
/4 ~ 7/ ‘\)\‘-53
10 1, <\°\ , [
- e
- 7/ (Gc'/
N ST ,
7 - 7 17
1 10 ‘O\\\\ 100 1000
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Common mode choke - construction g ==
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WE-Star TEC split ferrite —> Is that an CMC?

* Yes, CMC with one winding
e.g. 714271712 Comparable with bifilar winding CMC

* Both absorbs Common Mode Interferences
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Common mode choke: ferrite core
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Increase the no. of turns means:

2000

1800

1600

1400

1200

1000

S o s

.~

800 <=

600

400

200
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more than you expect .

51
Snap ferrite Star FIX-LFS using MnZn core = !i—o.
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i

Impedance influence by increasing the no. of turns

74272733

10000

1000

100

Z in Ohm

10

1 10 100
fin MHz

—1ts =——2ts = 3ts ——4ts
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Common Mode Chokes - line card s ==
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CMC produced by Wirth Elektronik eiSos

For mains power For signal and low voltage
250VAC / max. 35A Ua = 80VDC / up to 5A

Wire wound with sectional : "
winding THT SMD sectional bifilar
SMD THT WE-SLx series WE-SLx WE-SLx series
AN WE-CNSW Serie WE-CNSW
6-hole-Ferrite WE-CMS WE-SCC
WE-CMB BEEULA WE-SCC
WE-LF SMD WE-LF

WE-FC

Wirth Elektronik eiSos GmbH © 2012 Lorandt Folkel



Common mode chokes - line card

attenuation [dB]

70

60

50

40

30

20

10

CMB MnZn
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WE-CMB NiZn Type S

CMB NiZn

— 14 pH
lq N 30 UH
N 47 pH ||
0 100 pH
74‘\ 7 ) H
\‘ — 1 mH
// § -~ m— 5 mH
L~ PN ™~ —10mH |
/ SN
/ \\\\ N =20 mH
S ~
_ i Pt \\ ~ PR somn L
/ \ Ll Lo
e _,,><\\ S
i TR B
~ / L~ | \:‘E'<: \
™™ )
LT / ] ~\
"] L] Sy =
] //’ | =
e S Py
0.1 1 10 100

frequency [MHz]
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INSERTION LOSS
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Insertion loss - Definition o=
= 5
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Mathematic definition

Z, | .
U, C) U, U,| |48

Source Coupling way Load

« System attenuation
L, +L.+71;
L+,

A=20-log in (dB)

* Impedance

A

L= 1O%°(ZA+ZB) _(ZA+ZB) in (Q2)
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Insertion loss - Definition g ==
= 5
—_—
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The real world replacement circuit

{el] o
Source .
1 " 3‘ i
: Capacitor

- ¥
-
- 1 T, Y - Speg———

e

Source Load

* Practical values for source and load impedance

- Grounding planes 1...20

- Vcc distribution 10...20 Q3
- Video- /Clock- /Data line 50...90 Q
- long data lines 90 ... >150 Q
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Insertion loss - example

—> Application: power supply
- 20dB @ 200 MHz

60

— 1 Ohm
50 1| — 10 Ohm A
— 50 Ohm /
_ % /
? 30 / /
ae ~ 7 /I
i /////:,
0 - r ~—
1 10Im pedance of Ferrite [(\1 SOQ /‘ o
« System impedance = 10 Q ~=-

—>Catalog: WE-CBF 742 792 61
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Insertion loss - example

WE-CBF 742 792 61

CH1 |Z] .

typischer Impedanzverlauf /
CH2 XL yp' P
CH3 R typical Impedance curve

1000

Vihi
200Q |00 ‘

Impedanz / impedance

4g’/ 1

y 4 /
=
T * ':
0 // /" |
- : .
/" 1L *

1A I

1 10 100

1000

Frequenz 200 M H 7

IF BW 10kHz POWER 0 dBm

SWP134,5 msec

START 1 MHz
——7Z - = =XL — =R
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Insertion loss - example g ==
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* Check the results
- Measuring the emission and compare with the solution
Level [dBuV/m]

60

50

40 L

© A - II II

10

° 30M 40M 50M 70M 100M 200M 300M 400M 600M 1G

Frequency [Hz]
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Insertion loss - example

* Possibility 1: to high attenuation?

—> Could be because of wrong system impedance
—> reduce the impedance of ferrite

60

50 +

Voo e e e

Dampfung |
o N

N
o

10

0

T

1 10

100

Impedanz des Ferrites [Q]
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Insertion loss - example

* Possibility 2: to low attenuation

60

— 1 Ohm
50 +| =10 Ohm /
— 50 Ohm /
g 40 /
£ 4 A A
£
Eg ,/’/////////, 4////’//////, v

N
o

7 TN - /

//

(8dB Vw=====1—= il
\ / T

T
v

1 10 100

Impedanz des Ferrites [Q]

—> Could be because of wrong system impedance

- increase the impedance of ferrite (Z-~1000Q))

Lorandt Folkel © Wiirth Elektronik eiSos 2012
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Insertion loss - example

« Dependency of system impedance (Source/Load) vs. Damping

- High system impedance generate low attenuation

40

30

20

Damping [dB]

0))
<
0))
3
100 3 \
=T
50Q o
QD
10 ng \
/ 75000 N N\
0 / //
0,1 1 10 100

—> Filtering just to a certain system impedance possible
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FILTER TOPOLOGIES
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Insertion loss —recommended filter topology = o
W=

Source Impedance

low

high

high or
unknown

low

low or
unknown

Load Impedance

high

high

high or
unknown

low

low or
unknown
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- 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




Filter topologies -VE+

WUR'I'H ELEKTRONIK

‘)oooooooooooooooocu“ i 50 Ohm Ref Line

HOOOOO00 0000000 O OOO(‘/

TR A~ LRV
70\’0 oW ©

' ’°°°°°r‘3~‘i‘?&°°°°"°“’/0 3xC Capacitance Filter
#H 000000 = Gooocoot .

,L“Filter with SMD

sjoooooooo__oﬂcﬂ)oooooooof/’ '
1 g 2 4 .
vooooooooooooooooa M/ Ferrite

(&) . ; bk M

B 00000 00 coooooo SRR ,L-C" Filter with SMD
i i P Ferrite & Capacitor

)O 000000000 G‘ 00000 ch.

N’

LP1“ Filter

.1 Filter
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LTspice - FREEWARE

“We——

WURTH ELEKTRONIK

!

QK HadE sbbeg 98 023 2D 09 An op
750310471
LT3573 - Isolated Flyback Converter Without an Opto-Coupler Secondari1 ouT
Input: 24V Output: 5V @ 1A * 1] s
o}
Primary StE s iRIoad
IN » » A7n 5
- \"A| _I?s RS < x|
R6 M anufacturer: Wurth Elektronik, 0.
<_> §357K 22u < 2K p2 » Part Number: 744 771 10 Cm ]
11 %7 Caricel |
24 L~ o Select [nductar |
SR PMEG6010AED Show Phase Dot [
Vin ~ Inductar Froperties
R7 R3
WIUVLO Rfb [nductance[H]: I
51.1K U1 80.6K Peak Current[&] IE.E
R2 TC sW Tertiary Serez Resistance[Q]: [0.021
28.7K LT Parallel Rezistance[Q]: I'IE?EE
R1 R4 .
i Farallel Capacitance[F]: IE.?E?p
10K L LT3573 B 6.04K [Series resistance defaults ko Tmi]
RS c1 c2 — Simulation Besults
l— Vc Bias —{ }—[> Peak Current; I'I.12.~'-‘n.
S0K .001p ss GND 4.7n RkS Current; |1.-’-'-.—
[ %7 Power Dizzipation: |21 Eiri!
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LTspice - Simulation _VE_G
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FéjLinear Technology LTspicefSwitcherCAD |1 - [FilterEMYseminar.asc]

'L/\ File Edit Hierarchy Wiew Simulate Tools Window Help

A | 5 F @ O e HE® f2o@g 0& LS50 3+ 3 000 An -
R6
Ref
50 - Ferrite Bead
® T-py
: : Wiurth Elektronik eiSos
Jooooooooooooo o ooo(I’ 742 792 093
R
D RS Select Ferite Bead ]
L C-Filter
BB Inductor Properties
o @ounp gnn gunn
deseosaoogpoacoaco .4 InuctancelH]: [3.42
\OOOOOOOOOOOOOOO(}(
I o o Seriez Resistance[] |06
Y 0000000 SRS R4 v Parallel Resistance[s]: | 2780
290 ooooooooob‘ooooooc . u Ferrit-Filter
2 50 288 Parallel Capacitance[F]: | 970f
Peak Current[&]: |0.2
Impedance @ 100Mhz[&]: | 2579.8
R3 L2 b ax Impedance[f]: | 27787
. O e LC-Filter
5o $ 22 Freq of Max. Impedance[kMHz] | 87
100n
[Series resiztance defaults bo Tmillid hm)
R2 L3
i Pi-Filt
Yo lcs lcg o EI er
;En ;|;Dun (e
AC 1v
Rser=0.1
.ac oct 200 1e6 1e9 R1 L4 L5
-Filter
50 =
innn Cox
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L Filter SMD-Ferrite WE-CBF W=
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* Using the core losses R=f(f)

« Transform differential noise energy into heat




more than you expect .

Simulation — LED driver LTC3490

104

* Filtering the reflected switching power

* First solution capacity to GND

e Second/third solutions
« 2> L-Filter & PI-Filter

indBm

-10,00

-20,00

-30,00

-40,00

-50,00

-60,00

-70,00

-80,00

-90,00

LOBAT U1 SW

cets LT

LTC3490
CTRL/SHDN

GND

0,00 Frequenz in MHz

——basic_wave

—— 1pF_inputKond

——0,1pF_inputKond

—— 1,5pH_inputChoke

~——— 1uF_1,5puH_inputChoke

—— 1yF_1,5uH_0,1pF_inputChoke
—— 1uF_3,3puH_0,1pF_inputChoke

Lorandt Folkel © Wiirth Elektronik eiSos 2012
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SIMULATION
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Simulation — LTSpice IV Ewii—;

WURTH ELEKTRONIK

o http://ltspice.linear.com/software/LTspicelV.exe FREEWARE

o =lglx] x|
Ele Edit Hierarchy Wiew Simulate Tools Mindow Help
- Quit and Edit D atabase ’T‘
E= = s £ @ O e R (B HEa&E s+ b2 Hh as (i@ s 3 D080 Aa sp |
= List Al Inductors in D atabase | Cancel |
4 FeniteBead Z() |$4 Forisead 21) |
LH] | Mg, | Fait Mo, | gkl | Reedm] [=]
6.8  ‘wWurthElekhionk 744029006 WE-TPC 0,650 0.290
100 wuthElektionk 744029100 WE-TPC 0500 0.390
1.2 ‘wuthElekhionk 744030001 WE-TPC 1100 0.088
22 ‘wuthElekiionk 744030002 WE-TPC 0,800 013
33 WuthElekiionk  744030003WE-TPC 0,720 0.180
47 wuthElektionk 744030004 WE-TPC 0,500 0.230
68 ‘wuthElektionk 744030008 WE-TPC 0,430 0.230
100 ‘wWurthElekonk  744030100WE-TPC 0350 s
220 WurthElekhonk 744030220 WE-TPC 0250 1180
15 ‘wurthElekhonk 744031001 WE-TPC 1550 0,035
25  ‘wuthElekhionk  744031002WE-TPC 1,250 0.045
e 36 ‘WuthElekhonk  744031003WE-TPC 1100 0.065
PATTINT 47 wuthEleklionk 744031004 WE-TPC 0,900 0.085
68  ‘WuthElekhionk 744031008 WE-TPC 0,750 0125
100 ‘wuthElektionk — 744031100WE-TPC 0,560 0.165
1000 WorthElektonk 744031101 WE-TPC 0180 2,050
150 wuthElektionk — 744031150WE-TPC 0,450 0.230
220 wuthElektionk — 744031220WE-TPC 0,380 0.360
330 ‘wWurthElekhonk  744031330WE-TPC 0320 0545
470 WurthElekhonk  744031470WE-TPC 0250 0,800
10 ‘wurthElekhonk 744042001 WE-TPC 2600 0020
1.8 ‘WurthElekhionk  7440420018WE-TPC 2400 0.050
27 ‘wuthElekhonk 7440420027 WE-TPC 2200 0.050
33 WuthElekhionk 744042003 WE-TPC 1,800 0.050
39 ‘WuthEleklionk  7440420039WE-TPC 1,700 0.050
47 wuthElekiionk 744042004 WE-TPC 1,650 0.070
56  ‘wuthElektionk 744042005 WE-TPC 1,350 0.080
68 ‘wuthElektionk 744042008 WE-TPC 1,250 0.080
82 ‘wuthElektionk 744042008 WE-TPC 1100 0.100
s 100 WurthElekonk  744042100WE-TPC 1100 RET
Il Component Attrib) T4270243 100.0 Wwurth Elekbonik 744042101 WE-TPC  0.300 1170
120 WurthElekonk 744042120 WE-TPC 0950 0150
150 wurthElektonk  7440421S0WE-TPC 0,750 0.190
180 wurthElekonk  744042180WE-TPC 0,700 0.270
220 ‘wurthEleklionk 744042220 WE-TPC 0,600 0.280
. 1.2 ‘wuthEleklionk 7440430002 WE-TPC 2800 0.015
This is| 742792515 1.8 ‘wuthEleklionk — 7440430018'WE-TRC 2450 0.020
4279z 22 ‘wuthElektionk  7440430022'WE.TRC 2350 0.027
1 U1 . _ 27 wuthElektionk 7440430027 WE-TPC 1,950 0.028
SpiceModel = | 74275252 x| wisble: [ 33 wuthElektiork 744043003 WE-TPC 1,800 0.020
] 39 WurthElekhonk 7440430039 WE-TPC 1650 0,050
DC {ldC} = Attribute [ Value [ 47 wuthElektork 744043004 WE-TPC 1700 0.050
Prefis " 56 wurthElekhonk 744043005 WE-TPC 1,300 0.07n
74279252 Insthlame u % 68 WuthElekhonk 744043006 WE-TPC 1250 0.080
AC 1 SpiceModel F4273zee % 82 ‘WuthElekhionk 744043008 WE-TPC  1.050 0.090
Value 100 wurth Elekionik 744043100 WE-TPC  1.000 0.095
Value2 00 wuthElekbonk 744043101 WE-TPC 0230 0550
S gD‘CE'E!"Bz 120 ‘wurthElektionk 744043120 WE-TPC 0,950 0.100
pieeLIne, 150 ‘wurthElektonk  744043150WE-TPC 0,750 0120
180 wuthElektionk 744043180 WE-TPC 0,700 0.150
220 ‘wuthElektionk — 744043220WE-TPC 0,700 0.160
.ac dec 401 1 OMEQ 1.8G Concel 2200 Wurth Elekbonk 744043221 WE-TPC 1,008 0.095
ance - FA0 wrthElektonk 744043330 WE-TPC  0B50 o183
_Step param IdC 0 3 5 470 waurthElektionk  744043470°WE-TPC 0500 0218
680  ‘wWurthElekbonk  744043580WE-TPC 0,400 0.310
1.2 wrthElekhionk 7440520012 WE-TPC 2500 0.020
. .. . . = . 1.8 ‘WuthElekhionk  7440520018'WE-TPC 3000 0.030
This example schematic is supplied for informational/educational purposes only. 25 WanEedonk  TUISZWETPE 2700 040
30 ‘wuthElekiionk — 744052003WE-TPC 2400 0.040
39 ‘wuthElektionk  7440520038'WE-TRC 2100 s |
e =S S e e ey



http://ltspice.linear.com/software/LTspiceIV.exe

Simulation — LTSpice IV

« SMD-Ferrite Impedance vs. DC Bias Z(l)

LTspice IV - FerriteBead_Z{I)

Eile View ElotSettings Simulation Tools Window Help

e JH P A goam Rd Helw t 2o O& <>

W=~

WURTH ELEKTRONIK

4 FemiteBead_z() | ¥ FerteBead_Zi)

V()]

X = 3.347MHz ¥ =642.8570

1 u1
DC {ldc} Eﬁ

4279252
AC 1

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

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

Lorandt Folkel © Wiirth Elektronik eiSos 2012




Simulation - LTSpice Ewiﬁc

WURTH ELEKTRONIK

e CommonMode-Chokes

FijLinear Technology LTspice/SwitcherCAD III - CNSW M =IES3Wl Open an existing file I e

Eile Edit Hierarchy Mew Simulate Tools Window Help

B HT A0 ecaRr B ORE IReM#OS LsmL3 vDD0 g Sucteni [0 v L]« > =
1, onsw | § ousw | L
1 'L: FerriteBead_Z(1)
= =100 || Fepead_z(n_poBtas
Y[common] '[: ideal_transfarmer
14, st
1, 5lx

'[: transformer
'L: transformer_discret
‘[: transformer_LT design

Dateiname: ||
D ateityp: | Schematics [*.asc;”.app) ﬂ Abbrechen

100MHz

CNSW =] |

Common Differential
1 U1 12

O T
AN

% 744231061 744231061
Common Mode Differential Mode

.ac dec 100 100K 1.8G
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AC/DC CONVERTER EMI
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Transformers for EMC — What to choose? WE—-

WURTH ELEKTRONIK

<@
Lo

\Y’h’?‘
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Transformers for EMC — No Antennas please! WE—-

WURTH ELEKTRONIK

Enough Said!

Flying Leads Make Great Antennas.

112



Transformers for EMC — No external gaps

113

W=~

WURTH ELEKTRONIK

= Center leg gap only
— Windings shield

= No gaps in outer legs
— Nothing to shield

rrrrrrrrrrrrrrrrrrrrrrr

I

No Gaps here /

Gap here
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Transformers for EMC — No drum cores Ewi_%

WURTH ELEKTRONIK

= Drum core style
= Very large gap
= Much radiation

Not a good solution!
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Transformers for EMC — No rod cores “WE——

WURTH ELEKTRONIK

______

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

So where is the gap? |

What is this?




more than you expect .

116
—— O
Transformers for EMC — No El core W=

WURTH ELEKTRONIK

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

Not a good solution!



http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/2/28/EI-transformer_core.svg/500px-EI-transformer_core.svg.png&imgrefurl=http://commons.wikimedia.org/wiki/File:EI-transformer_core.svg&usg=___M6VbaPDWtXppoRGTd35GJg6FlM=&h=563&w=500&sz=24&hl=en&start=6&tbnid=huq_ZyzdotW2hM:&tbnh=133&tbnw=118&prev=/images?q=EI+Core+picture&hl=en

Transformers for EMC — Gap

= Gap must be perpendicular to flux lines

“We——

WURTH ELEKTRONIK

— Here only one side is gapped
= Uneven gaps are inefficient. =>Why?

— Core saturates at minimum gap. N

— Requires a larger gap

= Also larger gap — More potential EMI

P
-
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Transformers for EMC — Internal shields Ewiﬁ

WURTH ELEKTRONIK

= 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 from winding area

;

L Internal
shield

O
i

118




Transformers for EMC — External shields Ewiﬁ

WURTH ELEKTRONIK

= How do external shields differ from
internal shields?

= Shield radiate noise only!
= As expensive as internal shields .

119



Transformers for EMC - Y-Cap termination ZVA

WURTH ELEKTRONIK

Tr1

1

9
AANY
Y Y Y Y

\

= 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
120




Transformers for EMC — Reducing C,,, E_wgl%

WURTH ELEKTRONIK

= High Cww causes conducted emissions

= May reduce Cww, but what happens?

= Leakage inductance increases

= L« can be controlled by Snubber but efficiency and cost suffer
= Balance between Cww and LIkg

121



Transformers for EMC — No varnish or potting

ARt
dButy
a0
]
o
an
an
100
oo
a0
Radigted Emissions
Filename: Data not stored
g [ o]
L= [ o]
20
= [
=
5 Storage:
=| | Assessment: & Trace 1
o
E (: Debug Scan » T2
& Formal Peak Test ~
= | T Both
=l
= .
8 Beaqin Assezsment

Library of Known Ambients

[ Lip [ﬂmb.fenf [ _Fo.rma.l’[ Debug

Radiated Emissions

With potting material
fails at three different
frequencies

—_— O
of—
g >
=
..—O'
WURTH ELEKTRONIK

AU TUE D U

[1] Horizontal

Peak Limit

+ Debug

heas Dist 1m
Spec Dist 1m

imo

Template : GSA5002-stripeline emizsion

List of Debug Frequencies

Debug Peak

-

Mo |Frequency |Flaw [Cable |AF Level |Measurement|Pol(Hgt|Azt |Limit  |kargin| Pazz| Comments
MHz dBuy |Losz [dB dBu [Tepe cm |Deg|dBuy [dE AFail
|1 41.640) 4700 10.4| -300[ 27.4|Peak[Scan] |[H [100] 0] 242  32[Fai
2 46.005| 421 10.4| -300| 226|Peak[Scan] |H |[100] 0] 224 1| Fail
3 54.738| 272 104| -300{ 7.7|Peak[Scan] |H [100] 0] 193 -11.6Pass
4 72198 3.1 105| 298| 11.7|Peak[Scan] |H [100] 0] 150 -32|Pass
5 115.360) 266 10.6) -29.8) 7.4|Peak[Scan] | H [100] 0] 18.0[ -7.5[Pass
E 164.830) 374| 10.7| -295] 186|Peak[Scan] | H [100] 0| 18.0[  3.6[Fai

3

Hnequency: hiHz
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Transformers for EMC - Small designs

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

“We——

WURTH ELEKTRONIK
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Transformers for EMC — Power Supply Ey_il%

WURTH ELEKTRONIK

Current Compensated sSnubber

Y-Cap
Choke WE-FC \ /I’ransformer

T~

Output filter
WE-TI

124



Transformers for EMC — Example 1

Fegel [dBELY]

100

20

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

. choke
* With adjusted Snubber
* Without adjusted Y-Cap

MG Test Failed

|||||||
______________________________________________________________________________________________________
||||||||||||||||||

0 : I
150k 300k 500K

T 2M 3N

Frequenz [HZ]

o TR TOM

30M.

W=~

WURTH ELEKTRONIK

 Without common mode

QPeak
Avg.
Peak

Avg.




Transformers for EMC — Example 2

Fegel [dEUY]

100

80

60 |

40

20

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

EMC- TestiFalled

__________

0 : R R R
150k 200k 500k

1 2 3

Frequenz [Hz]

Shd T TOM

30M

127
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WURTH ELEKTRONIK

 With common mode
choke

» With adjusted Snubber
* Without adjusted Y-Cap

QPeak
Avg.
Peak

Avg.
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Transformers for EMC — Example 3 ZVL—Q

WURTH ELEKTRONIK

Feqgel [dBUV]

100 oy e WWith common mode
choke
00 bt i i1+ With adjusted Snubber

*With adjusted Y-Cap
QPeak

Avg.

A0 |- , -4 Peak

Avg.

20 frfoerpeon oot St S PN

0 : R : : A : !
1500 300k 500k 1hd 2 3 kA Th 100 30N
Frequenz [Hz]
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Transformers for EMC — Example 4 ZVL—Q

WURTH ELEKTRONIK
Fegel [dBLY]

100 T - e T R A '
R N .| «Without adjusted Snubber

NI RRE R i = With adjusted Y-Cap

* With common mode choke

QPeak

Avg.

Peak

Avg.

EMC: Passed

0 : : N : : R : !
150k 300k 500k Th 20 3M Sk T 10 30
Frequenz [Hz]



Transformer for EMC — Conclusion for this power supply 5!_5;,07

WURTH ELEKTRONIK

= Necessary to pass EMI.

— Current compeps2 ed
Choke (CM

— Y-Caps
= Not necessary to pass EN
— Optimized Snubber

130
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LAYOUT DESIGN
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Layout design — set absolute reference for GND Ew£$°

WURTH ELEKTRONIK

« Common Impedance Coupling

G
IGND g IGND
ICZaI
_u' . »0 o _
oo
— Via to GND

Lorandt Folkel © Wiirth Elektronik eiSos 2012



Layout design — set absolute reference for GND Ewixc

WURTH ELEKTRONIK

* GND reference plane

—> create an low impedance GND point

000000000000 00000O0

Lorandt Folkel © Wiirth Elektronik eiSos 2012



Layout design — set absolute reference for GND Ewii_‘*:

WURTH ELEKTRONIK

» Layer design

undesirable desired
GND Signal layer 1
FR4 FR4
GND-layer
Vcc-layer

/ /

Vcc-layer Signal layer 2

Lorandt Folkel © Wiirth Elektronik eiSos 2012



Layout design — set absolute reference for GND

« GND design for digital devices

WRONG RIGHT

Lorandt Folkel © Wiirth Elektronik eiSos 2012
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ESD
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Surge protection

Components:

Gas discharger
(Trisil)

Varistor

Diode

(Suppressor, Transil)
like a Zener-Diode with
higher current

over voltage from fast transients

WE=-

WURTH EI.EKTRONIK

| Over voltage from high energy

V\I/\

-| ignition

Lo
SIX
P
-

)

/.,gfy// LE
/

-

v .
% 3
v

*

¥

Lorandt Folkel © Wiirth Elektronik eiSos 2012




Where to place the varistors 5w£$:

WURTH ELEKTRONIK

Connection PCB

Main PCB

Main PCB

Lorandt Folkel © Wiirth Elektronik eiSos 2012



Where to place the varistors e W/ =

WURTH ELEKTRONIK

Perfect

Shielding

Connection PCB

Main PCB

Lorandt Folkel © Wiirth Elektronik eiSos 2012



Layout design _wi—o—

WURTH ELEK'I'RONIK

undesired better

good

Lorandt Folkel © Wirth Elektronik eiSos 2012



Layout design suggestion for varistors §w£$:

WURTH ELEKTRONIK

PCB tracks

To connector VDR GND PCB

Lorandt Folkel © Wiirth Elektronik eiSos 2012



USB - 2 Port solution (ESD-EMI solution)

USB Controller

“We——

WURTH ELEKTRONIK

Lorandt Folkel © Wirth Elektronik eiSos 2012

Vbus WE-CBF: 742 792 641 Vbus|
- =
Rt WE-CNSW: 744 231 091 O
D+ W > a
o
Rt
D- W, - »
ct ct 100nF D
- — GND
|| | ] —r
L
S S Vbus
D+ Rt WE-CNSW: 744 231 091 D+ +
—AAN o
o . — o 2
A I m
GND GND %
]T _




USB 2.0 Flow-Thru Design (ESD-EMI solution)

USB Controller

Vbus Chip Bead Faerrile ‘-.,."t::us
D+ JFI::l'luﬂ- Cammon Mode Chake D+
I —
=
[— ] @)
| I 1 oL
— 1 — (wa}
] 1 7]
D- F — D- :J
AN L
=] Ll
TT
GND - GND

Lorandt Folkel © Wiirth Elektronik eiSos 2012

“We——

WIIRTH ELEKTRONIK
18 I I I
Flow Thru }
16 = == Standard /

Y

TLF Current [A]
(0]
-&
-~
~

6 /
/,
4 7
/
2

/

0 2 4 6 a8 10 12 14
TLP Voltage [V]

'WE-TVS: 824 001x

VDD GND




LAN ESD-solution

Ethernet 100MBit

10/100 Ethernet PHY

TX+

TX-

VCC

GND

“We——

WURTH ELEKTRONIK

Ethernet 1GBit

—{unused
DA+ DA+
— unused DA- EHE DA-
%HE TX+ — ~+<|4—|<1~] SR
. TX- "6 > VGG E—r——r—
TVS Diode WE-TVS -'(3 I oND— — v H—]
[;E: ()] ol -
- 1 KKy C T B %HE DB+
1 Gl ‘-5 C os DB-
. — )
_— | . j J:_ O 5 DC+ %HE DC+
T sl o| |-
1 N = = ke
O b
RX+ m | — d |
§ el = *
. RX- — KK
% E I W7 ey —
- unused DD+ ?Hg DD+
I —unused DD- DD-
_— |

RJ45 Connector

Lorandt Folkel © Wiirth Elektronik eiSos 2012




Ethernet EMI solution

5 |

| 1eTerer
i
-
IeT:ET
-
-

Th
—"Cﬂ'—[
o
Le
1000k HeY

i -]
o=
Iy -]
e

500

Frequency MHz

15
0
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Ethernet EMI solution: WE-RJ45 HPLE

400 1111}
Frequency MHz

Lorandt Folkel © Wiirth Elektronik eiSos 2012

W1

™ ™
ohmes Onens [+
ik

T

J2

J3

2?2 2 @e® @

J7T

JE

B

Tpaopr 2V




) N 7
Where are the losses” :wix

WURTH ELEKTRONIK

=y Yout D

Environment:

Operating
Conditions d
Yin: 22.00 v

Iout: 2.00 4

Edge 2

Edge 4
Insulated

Ambient Insulated =
Temperature
Oon On Top:

Bottom: 25 2
25 °C

Board Conditions

Copper Weight

1 0F, (0.03556 mm) i ¥
i I j————Z.45in [(62.9 -
Board Orientation: L ™ —

Component Side Up N
Cu Area #Vias Edge 3

2.8436 59 In u| Insulated

- emperature Bar Scalin
Air Flow : .

Click here to recolor your thermal image.

Wy gg ) UL~z

uiy

(1B

Direction VYelocity:
of Air Max Colarbar Temperature B o
ﬂi"‘"‘” No Fan Min Colorbar Temperature 32 o
L=
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Magnetic leakage shielded vs. unshielded

00

Shielded

EEEEEEEEN

Maorking 1

Marking

Lorandt Folkel © Wiirth Elektronik eiSos 2012

Unshielded

“We——

WURTH ELEKTRONIK

FizldLings
xE -8

3.815
L 2.211
3.204
= 3047
ke
2.004
2777
:.. £.0/0
= 2.563
2.49573
2.35]
2.243

2123




Magnetic leakage

L T

™ ™ T

unshlelded

[t YE A

7% {
0 Hz 200000 kHz 400,000 kHz 600,000 kHz 800,000 kHz 1.000 MHz
Channel: 2 Window Type ; Blackman Window Sze : 8192
Cursot Infeemation ; Cursor off
Hamonic Irfomabon

Tot: 286,750 kHz -26 656 dB
did 860,000 kHz 51.847 &8

2nd: 573250 kHz 33347 &8
$ho--

shielded vs. unshielded

ot 121 R EY 1R I

e-v-v

lll

Tst: 286,500 kHz 46,977 dB
3id: 853,750 kHz 56.160 dB

Lorandt Folkel © Wirth Elektronik eiSos 2012

R

WE=-

WURTH EI.EKTRONIK

il

b ool full
ll‘l lH |

OHz 200.000 kHz 400 000 kHz 600000 kHz 800,000 kHz 1.000 Mk
Channel: 2 \Window Type : Blackman Window Size: 81R2
Cursor Information . Curser off
Harmonic Information :

.HH

2nd : 573,000 kHz 52705 dB
dh: -~




Application demo boards

P/N:
EP-CBF-0805 - SMD Ferrite 0805

EP-CBF-1206 - SMD Ferrite 1206

EP-STROKO -> WE-SLxy... Series SMD common mode chokes
VPE 12 pcs. = Price 20,- € inclusive P&P

Lorandt Folkel © Wiirth Elektronik eiSos 2012
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Application demo boards

@ irth Elektranik
s HSB 2.2EMC EEIEII’d

@H»

742792040 742792 040

USB 3.0 Controller

WE=-

WURTH ELEKTRONIK

»)

USB 2.0:
P/N:829999

WE-CBF  WE-CBF =
o Vbus
T r
= C (8800 .
A D+
WECNSW Ii'l D-
744 232 090 D |__-| D
WE-TVS
744 233 670 @ 82401646
we-onswHF - LJCTCIL]
1 SSRX+ _
4 SSRX- ﬁ’ . USB 3.0:
SSTY+ , .
2 254 - P/N:829993
WE-CNSW HF SSTX- gy ~ |
744233670

Wirth Elektronik eiSos GmbH © 2012 Lorandt Folkel




More information online:  \W/\N\W.\We-0N I | ne.com lf——

WURTH ELEKTRONIK

and every day, worldwide

We promise this to our customers all over the world and work
toward keeping that promise every day. Innovative products and
solutions and always new, surprising services are our path to

SUcCCcess.

_

» About us

R ————
WURTH ELEKTRONIK

TRILOGY

OF MAGNETICS

Printed Circuit Intelligent Passive Electromechanical

Boards Systems Components Components Photovoltaics

DESIGN GUIDE
for EMI filter design,
SMPS & RF circuits

ngcome m._wmﬂl Elekt‘|.0|lik o 3 Abeubus

__:‘ MNews 4™ extended and revised edition
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Welcome
Products
Service
About us
News

Events

Job Offers
Centact Toolbox for Engineers & Purchasers

‘I
¥ News Software
() Events

Qi? Forms
W spplication MNotes

r) Contact

> Mangnetic Builder

> WEBERCHE

> Component Selector
> LTspice Simulatar

Search Tools

Application Guide

Product Finder - One Click Selection Guide
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“We——

WURTH ELEKTRONIK

Get quick access to the EMC
test lah you are looking for.

> Runthe search

> Add your EMC lab

COMPOHNENT SEARCH ENGINE

The search engine for passive
components!

> Runthe search




You can reach us:

Tel:+49 (0)7942-945-0
Fax:+49 (0)7942-945-5000

eiSos-hotline@we-online.com

www.we-online.com
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Globally available. Locally present! o=

WURTH ELEKTRONIK

Headquarter in Germany

2

@ WE offices
() Distribution

\
7
/

e Production plants



WE does not mean Wireless Earthing ! :w o
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... when all that did not helps: “WE——

WURTH ELEKTRONIK

|35

I Electromag™™ |-
shielding

pe | %
(ltk(mnu“""“
beschermi®f

Protect®
électromagnt

|’
l \ Elektromagne™™
| Abschimws

Sourse: Kontakt Chemie
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