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INFORMATION ABOUT THE WEBINAR

You are muted during the webinar.
However, you can ask us questions using the chat function.

Duration of the presentation 30 Min
Q&A: 10 — 15 Min

Any questions?
No problem! Email us digital-we-days@we-online.com

Please help us to optimize our webinars!
We are looking forward to your feedback.

On our channel Waurth Elektronik Group
And on Digital WE Days 2023 YouTube Playlist

3 DIGITAL WE DAYS
OCTOBER 17, 2023

/l\


https://www.youtube.com/playlist?list=PLZJdRX1BvL0zb7pTrVCQrXDdeNECNvwv7
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INTRODUCTION

OOOOOOOOOOOOOO



INTRODUCTION

What does ,electromagnetic shielding” mean?

YOUM NOT

SHALL n PASS!
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BASICS

Unintended Antennas

= Electromagnetic fields are transmitted from or received by electrically conducting structures.
= Unintended antennas can be:

/— ol - & y B
Cables, interfaces, Traces, groundplanes, Components, heatsinks,
apertures vias, slits integrated circuits
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BASICS

Wavelength
1000000 = Relation between frequency and
S wavelength:
100000 Co
/10 - —
~ f
10000 = Examples:
~ f = 500kHz - 1, = 600m
1000 f = 8MHz - 1, = 37,5m
~ f = 100MHz —» 1, = 3m
100 f =245GHz > 1, = 12,5cm
=
10
=
1
=
0,1
0,001 0,01 0,1 1 10 100 1000 10000
fin MHz
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BASICS

Half-wave Dipole

= A conductive structure is not a good antenna for each frequency,.

= The ratio of the structure length to the wavelength is crucial.

= There is an optimal ratio if the structure length is equal to half of the wavelength (half-wave dipole).
= Signifikante Antennenwirkung tritt bei einer Lange von bis zu einem Zwanzigstel der Wellenlange auf.

\ 4
\ 4
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BASICS

Wave Impedance

100000 -
Electric dipole - High field impedance
10000 -
1000 - Far field
Near field — 1 | |
100 - f=1MHz - 1y =47,75m
f =1GHz -» 1, = 4,775 cm
10 -
Magnetic dipole = Low field impedance
1 1 1 1
0,01 0,1 1 10 2nr
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BASICS
Shielding Against Electric Fields

= Electric fields can be shielded easily.

= Electric field lines start and end on charges.

= |t has to be assured that free charges can balance themselves.

= Shielding effect of electrically conductive connected plates on a static electric field:

Sunuaany
e e 28888
sl L1kl

fe 256858
“trrrlll
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BASICS
Shielding Against Magnetic Fields

=  Magnetic fields are difficult to shield, specifically static and low-frequency fields.

= (ategorization of countermeasures:
= Against static and low-frequency fields - Highly permeable materials
= Against medium-frequency fields = Usage of the
= Against high-frequency fields - Reflection and absorption

Z
X

A\ 4
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BASICS
Shielding Against Magnetic Fields

= |n order to suppress static and low-frequency magnetic fields (16% Hz, 50/60 Hz), highly permeable materials are used.
= The shielding effect increases
= with higher permeability,
= with higher shield thickness,
= with smaller volume.

Material Relative permeability u,

Siemens Healthineers




BASICS

Theoretical Shielding Attenuation

400

]|Far field, dg = 2Zmm

350 -

300 -

0,01

——Reflection, Cu
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0,1

—— Absorption, Cu

Frequency in kHz

——Total, Cu

Reflection, Al
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APERTURES

Dimensions

= The determination of the shielding attenuation by means of measurement is limited to 120 dB.

= Thereis no real shield which is perfect, i.e. completely closed.

= Apertures in the shield have a stronger impact on the magnetic than on the electric shielding attenuation.
= The maximum linear dimension of an aperture is crucial, not its surface area.




APERTURES

Dimensions

= An aperture with length £ = 4/, has the same effect as a half-wave dipole.

= |f the electric field vector is oriented perpendicular or the magnetic field vector parallel to the aperture, the shielding
attenuation at that frequency is O dB.

= [falarger window is required, e.g. for ventilation, the area should be distributed over many smaller holes.

—




APERTURES

Dimensions

= Maximale Schlitzlange fur 20 dB Schirmdampfung: » Reduktion der Schirmdampfung bein > 1:

Frequenz in MHz Lange in cm AAgindB

EEE




SHIELDING SOLUTONS
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SHIELDING SOLUTIONS

Overview

o

WE-DS Plastic Connector Housing g
D-Sub Filter Connector '

WE-ST

WE-LS Conductive Ni'Cu
Conductive Foam Glass Fiber Woven
& wh

(@ 4 & WE-SECF Earthing
SMD EMI Contact Finger

i gD

g = ob
Shielding Cabinet
WE-CF

EMI Shielding Sheet

® Aluminium // :
= Copper ﬁ Earthing Belt
WE-TS //’ WE-LT WE-FAS

Shielding Textiles \\ Conductive Shielding Gasket Flexible Absorber Sheet

-

WE-FSFS
Hexible Sintered Ferrite Sheet




SHIELDING SOLUTIONS

Slots, Seams, Transitions

22 |

At transistions in the housing (edges, seams) the connection area should be as large as possible and conductive.
Slots without a conductive connection:

)

Ey
I
>
" _
Assuring a good connection: < i
= Conductive textile gasket T
i

= (Conductive elastomer gasket
= (ontact spring gasket
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SHIELDING SOLUTIONS

Slots, Seams, Transitions

= (Conductive textile gaskets consist of a sponge core with a nickel-copper fabric
wrapped around. On one side a double-sided adhesive is attached.
= Flammability:

. _ [ S esesesese
uLo4 V-0 agegeossecetesasel
= DIN EN 45545-2:2020 - R22/R23
= _40..85°C

= Application examples:
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SHIELDING SOLUTIONS

Slots, Seams, Transitions

= Material combination table:

Base material Nickel-copper Aluminum

Tin + -

Lead + -




SHIELDING SOLUTIONS

Slots, Seams, Transitions

= (Conductive elastomer gaskets are used if a higher IP rating is required.
= -50..150°C
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SHIELDING SOLUTIONS

Slots, Seams, Transitions

Contact spring gaskets are made of copper-beryllium or stainless steel.

= -40..120°C

= Application example:

I

W\
\
\
\
N
\
\
\|

Ea i
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SHIELDING SOLUTIONS

Cables

Shielding of cables and cable bundles:

igtails is crucial

idance of p

Avo

o
e

SR

o

s
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s
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SHIELDING SOLUTIONS

Interfaces

= Filtered D-Sub interface for RS-232, RS-485 or power supply (max. 5 A @ 100 Vp):
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SHIELDING SOLUTIONS

Board Level

= (Copper groundplanes are a useful shield against electric fields.
= Local shielding by means of metal cabinets for sensitive or noisy circuits

= |mportant: The cabinet must be connected with a low impedance to the local circuit ground.
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SHIELDING SOLUTIONS

Board Level

piece (frame + cover) cabinet:

pice or two

One-

SMT clips:
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SHIELDING SOLUTIONS

Board Level

31|

Square-shaped grid (5 mm
. Pec g ( ) Do it yourself Custom Shielding Cabinets

Do-it-yourself metal sheet: R S L NN
= Tinned steel (0,2 mm) S h Ie I D IY/ =% ~.‘ i \/
- ' N~

o
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SHIELDING SOLUTIONS

Board Level, Housing

32|

Flexible absorber sheet with adhesive layer for attaching to the PCB or housing
Effect = Reflection and absorption in the near electric and magnetic field and in the far field

0,5 0,05

special flame retardant rubber

re with metal power
f
double sided
adhesive tape

0,095 ref. _,
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SHIELDING SOLUTIONS

Board Level, Housing

= Complex permeability of all WE-FAS materials:

250 ~soap
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SHIELDING SOLUTIONS

Board Level, Housing

= Transmission loss depending on the material (thickness: 0,3 mm):

60 Electromagnetic Noise Microstrip line
Suppression Sheet Zo 500

3 > /
= 40 / N, e J/
2 / \y/ \ N
'% / // N N 7 © ANALYZER ©
g 20 // //// /,// \
5 -
|(_£ / 14 ~ Electromagnetic N0|se

10 T

|

_C Suppression Sheet
Data Bus

0 2000 4000 6000 8000
Frequency in MHz

o
L

Signal in Data Signal in Data
, Bus without NSS Bus with NSS
30403 =—31403 -—32403 33403 =—34403 " -
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SHIELDING SOLUTIONS

Board Level, Housing

= Transmission loss depending on the material thickness (material 324; 0,1...1 mm):

70

60 N\
o
3 \
£ 50 / \\’\ -
2 10 A | S ) /
c / = S /
2 30 4o i —T ] N ,
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= /| | L~ rd
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0 1000 2000 3000 4000 5000 6000 7000 8000

Frequency in MHz

32401 =—32402 -——-32403 32405 324075 -—-32410
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SHIELDING SOLUTIONS

Near Field Commmunication Standards

= Flexible ferrite sheet with adhesive layer for attaching to the PCB or housing
= Effect = Reflection in the near magnetic field, deflection of the field lines
= Applications > Near-field magnetic shielding, NFC, RFID, wireless power transfer (WPT)

detail A
0,44

0,03 N Ferrite , 0,03
Black PET Tape ‘ [ Adhesive Tape

Release Paper
I

0,5 +0,03
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SHIELDING SOLUTIONS

Near Field Commmunication Standards

= Complex permeability of all WE-FSFS materials:

——354
-~ =354 "
——364
- - -364 "
3641 '

350 —
150kHz 13,56MHz
300 : ! !
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3 7 DIGITAL WE DAYS
OCTOBER 17, 2023

Frequency in MHz

- - -3641p"
—374
---374p"



SHIELDING SOLUTIONS

Heatsinks

= Flexible ferrite foil with ceramic particles for additional heat transfer (x = 1,4 W-m™1 - K1)

2,0 +0.3

38|

0.1 ref.
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PE film(removable)

Mixture of silicone polymer
and Magnetic metal powder
and ceramics

PET film(removable)

Thermal T2 (K)

A

Thermal energy
w

Thickness
m

AT=T1-T2

T; = max. 160°C




SHIELDING SOLUTIONS

Ground Connection

= (Conductive housing parts and PCB groundplanes are to be connected by means of a low impedance path.
= Mechanical variants:

Earthing belt
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SHIELDING SOLUTIONS

Ground Connection

= Surface mountable contact springs made of copper-beryllium (gold-plated) or phosphor-bronze (nickel-plated)
= Plating options:
= Au:38..406 nm
= Ni:0,1..0,5 pm

= Sn:0,8..2 um “—\ :

1,602
1.2 min
1.0 max

= I-__I
Force Deflection Diagram: i - o o
220 Er ! R
3 : & u_iiﬂ‘qn
200 / - . T j_ .-|
/ a2 a [1 e
' criak o "'I #I., i, 1_ g
i &= if 7| i ol
' . g L L .J .

&
Sefhe o/

Loading [g]

A, | - >
\/ - @ i‘B I[H {m 80 / /
/ 1} > e N *}T - //
S %y &
20 ’/

Compression distance [mm]

——Down —Up
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SHIELDING SOLUTIONS

Ground Connection

= (Contact springs lose their elasticity when over-compressed.
= Special designs prevent over-compression.
= Maximum permissible current: 20 A

DIGITAL WE DAYS
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SHIELDING SOLUTIONS

Ground Connection

Surface mountable foam gasket block with plating (tin, gold)
Can be used like a contact spring

Optimal compression: 20...70%

42 |
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Questions . C@)

& Answers

We are here for you now!
Ask us directly via our chat or via E-Mail.

digital-we-days@we-online.com
Steffen.Schulze@we-online.de
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