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more than you expect .

Introduction EWVL,—;*_'_;

What does ,electromagnetic shielding” mean?

YOU/ WM NOT
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Basics W=

WURTH ELEKTRONIK

= Electromagnetic fields are radiated from and received by conductive structures.
= Possible antennas:

I
' > & I ,L 3
Cables, interfaces, Traces, groundplanes, Components, heatsinks,
apertures vias, slits integrated circuits
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Basics — Wavelength o=~
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WURTH ELEKTRONIK
1000000 = Relation between frequency
- and wavelength:
100000 Co
AO = 7
10000 h
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Basics — Half-wavelength dipole WE—
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WURTH ELEKTRONIK

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

= The relation between the structure dimension and the wavelength is crucial.

= The relation is optimal if the structure length is equal to half of the wavelength (half-wavelength dipole).
= A significant antenna effect is observable for a length up one twentieth of the wavelength.

I ' | | I '
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Basics — Elementary dipole |/

WURTH ELEKTRONIK

= The most basic antenna is an electric (Hertzian) dipole. Its length ¢ is small compared to the wavelength
considered.

= Along its dimension a locally constant, temporally changing current I is flowing. Charges are accumulated at
the ends.

= The electric dipole generates an electric field.

| N2 >|
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Basics — Elementary dipole |/

WURTH ELEKTRONIK

= A second elementary antenna is created by a current loop or magnetic dipole. Its radius R is small compared
to the wavelength considered.

= Along its circumference a locally constant, temporally changing current I is flowing.
= The magnetic dipole creates a magnetic field.
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Basics — Characteristic wave impedance /==

WURTH ELEKTRONIK

= The characteristic wave impedance Zyy is equal to the relation of the electric field strength to the magnetic
field strength at a distance r from the antenna.
E

Tw = —
W™y

= Characteristic wave impedance of the electric dipole in the near field:
A
1 Zwe| = Zwo S
= Characteristic wave impedance of the magnetic dipole in the near field:

21T
| Zw.m| = Zwo N
= The factor Zy, = +/*°/¢, = 3770 is named the free-space characteristic wave impedance (far field).

= From an EMC perspective most of the relevant noise sources can be described by one of the elementary
dipoles.
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Basics — Characteristic wave impedance
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Basics — Shielding of electric fields |/

WURTH ELEKTRONIK

= Electric fields can be shielded easily.

= Electric field lines start and end on charges.

= |t has to be assured that free charges are able to be balanced.

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

ﬁ
E,
E;~0
ﬁ
E,
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Basics — Shielding of magnetic fields W=
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= Shielding of magnetic fields is more difficult, particularly static and low-frequency fields.

= Categorization of shielding solution types:
» Against static and low-frequency fields - High-permeable materials
= Against medium-frequency fields - Using of skin effect
= Against high-frequency fields - Reflection and absorption

A 4

11.06.2019 | Practical shielding guide 11

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com




Basics — Shielding of magnetic fields
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= High-permeable materials are used for shielding of static and low-frequency fields (16% Hz, 50 Hz).

= The shielding effect is more efficient,
» the higher the permealbility,
= the thicker the shield,
» the smaller the shielded volume.

Nickel

Steel
Stainless steel
Mumetal
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Basics — Theoretical shielding attenuation /==
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Far field, ds = 2mm

0 t e T T T \
0,01 0,1 1 10 100 1000
Frequency in kHz
——Reflection, Cu ——Absorption, Cu ——Total, Cu  ----- Reflection, Al  ----- Absorption, Al ----- Total, Al
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Shielding apertures EVE—%

= The limit for determining the shielding attenuation by measurement lies at 120 dB.
* There's no perfect shield, i.e. completely closed.

= There is a greater impact of apertures in the shield on the magnetic shielding attenuation than on the electric
shielding attenuation.

= For higher frequencies the decrease in shielding effectiveness due to leakage is more significant than the
theoretical shielding attenuation of a material.

= The maximum linear dimension of an aperture is crucial, not its area.
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Shielding apertures EVE—%

= An aperture with length £ = 4/, shows the same behavior as a half-wavelength dipole.

= When the electric field vector is oriented perpendicularly in relation to the slit, the shielding attenuation at the
corresponding frequency is O dB.

= |f a larger aperture is required, e.g. for ventilation of the interior, the area should be devided into many smaller
apertures.

11.06.2019 | Practical shielding guide 15
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Shielding apertures EVE—%

= For a two-dimensional breadboard the maximum number of holes lying in a single row is crucial for the
reduction in shielding effectiveness.

= Shielding attenuation with apertures:

AS,Ap = 20 - log(

p
— = )dB
z-e-ﬁ)
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Shielding apertures o=~
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= Maximum slit length for 20 dB attenuation: = Decrease in shielding attenuation for n > 1:
Frequency in MHz | Lengthincm n AAg in dB
30 50 2 -3
50 30 4 -6
100 15 6 -8
300 5 10 -10
500 3 20 -13
1000 1,5 40 -16
3000 0,5 80 -19
5000 0,3 100 -20
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Shielding solutions — Overview W=

—_ _O_
— O~
WURTH ELEKTRONIK

-
o
WE-DS Plastic Connector Housing j Ww
D-Sub Filter Connector \i 2
AR
WE-ST * 7
WE-LS Conductive Ni“Cu
Conductive Foam Glass Fiber Woven
i (N
e A § ? WE-SECF Earthing
v “" SMD EMI Contact Finger Nylon Clip ﬂg
<§3 A _ 5725 @
= ; g | E. g .b " (5
VvV =2 p W WE-SHC
Shielding Cabinet
WE-CF
- EMI Shielding Sheet ~
J 77 ) = Aluminium / WE-FSFS .
L -' ) » = Copper . /f Earthing Belt Flexible Sintered Ferrite Sheet
WE-TS //’ WE-LT WE-FAS
_ Shielding Textiles \X Conductive Shielding Gasket Flexible Absorber Sheet
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Shielding solutions — Casing joints
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= |t is important to ensure a large-scale conductive transition at joints of a casing (edges, covers, doors).

= Joint without a conductive transition;

-

Eq
I

>

<

[ ——

E;
= Establishing a conductive transition:

= Conductive fabric gasket / LIt
= Spring contact strip /\/ c\
" ' _\\\"1»: 4
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Shielding solutions — Casing joints W=
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WURTH ELEKTRONIK

= Conductive fabric gasket consists of foam material, surrounded by nickel-copper
fabric. Adhesive tape is attached on one side.

= Maximum degree of protection: IP54
= Fire protection in railway applications - EN 45545-2:2013+A1:2015 - R22/R23

= Application examples:

11.06.2019 | Practical shielding guide 20

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com



more than you expect .

o
Shielding solutions — Casing joints “WE—
WURTH ELEKTRONIK
= Suitability of material pairings:
Base material Nickel-copper | Aluminum
Zinc —= ++
Aluminum == ++
Copper + -
Tin + -
Nickel-silver + =
Lead + =
Nickel ++ ——
Silver ++ —-—
Nickel-copper ++ ——
Gold ++ ——
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Shielding solutions — Casing joints

= Spring contact strips are made of copper-beryllium or stainless steel.
= Application example:

i
|

]
|
|
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1
|
1
1
|
|
x|
.
I
1
¥
1
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Shielding solutions — Cable “WE—-

= Shielding of cables and cable bundles:

= Avoidance of following types of junctions:

11.06.2019 | Practical shielding guide
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Shielding solutions — Cable = /==

WURTH ELEKTRONIK

= Shielding of flat wire cables with conductive textile or metallic adhesive tape:

= Electric contact at both ends is necessary. C ‘
24
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Shielding solutions — Interface |/
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= Filtered D-SUB interface for RS-232, RS-485 or power supply (max. 5A @ 100 Vp):
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Shielding solutions — Board Level Shielding Ewi_%

= Copper groundplanes are useful for electric field shielding.
= Noisy or sensitive components or circuitry can be shielded locally.

= |[mportant: Low-impedance connection to the local circuit ground

11.06.2019 | Practical shielding guide
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Shielding solutions — Board Level Shielding /==

= One- or two-piece cabinet: {4\

= SMT clips:
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Shielding solutions — Board Level Shielding “WE—-

= Do-it-yourself shielding cabinet:
» Tin-plated steel plate (0,2 mm) Sh Iel D IY

= Square pattern (5 mm) Do it yourself Custom Shielding Cabinets [
&R

.IIII

(A

| f
} ﬂ .": >
Ly P |
s/ l
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Shielding solutions — Board Level Shielding/Housing Ewi_%

WURTH ELEKTRONIK

= Flexible absorption sheet with adhesive surface for sticking to a circuit board or to the housing
= Mode of operation - Reflection and absorption in the near and far field

i
=

Electromagnetic Noise - .

Suppression Sheet [ — | =
e A >
N

' Noise
— - — — Emitted

special flame retardant rubber

e with metal power
| =
X —
T double sided i
adhesive tape :
T
- - 7 M-
release tape =1
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Shielding solutions — Board Level Shielding/Housing ==

WURTH ELEKTRONIK

= Complex permeability of WE-FAS materials:

250 w304 '
—==304 "
200 —314 '
——=314 "
—324
150 324"
=334 '
-==334 "
— —344
| —-—=344 "
i 3441 '
3441 "

on o am == =S 45 =5 R Ay g O 394|J.'

=
-
o
|
[

Relative permeability

1
|
!
[
/
/

1 10 100 1000 ~~—394w"
Frequency in MHz
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Shielding solutions — Board Level Shielding/Housing

= Transmission attenuation dependent on the material (thickness: 0,3 mm):

60 Electromagnetic Noise
Suppression Sheet

WE=-

WURTH EI.EKTRONIK

Microstrip line
Zo=50Q

I~ 1~ p

50 / -*/-

-

9 N —
N
30 / 5‘ \é NETWORK

@

// N d @ ANALYZER
20 / e

Transmission attenuation in dB

/
y g d
/ / Electromagnetic Noise
10 = // Suppression Sheet
0 ol Data Bus

0 2000 4000 6000 8000

\ \

Frequency in MHz k

Signal in Data
Bus without NSS

—30403 =——31403 -——32403 33403 -—34403
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Shielding solutions — Board/housing /==
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= Transmission attenuation dependent on the material thickness (material 324; 0,1...1 mm):

70

60 .
50 / \ -
0 Pi7=SSUREBEZAN /

Transmission attenuation in dB

e
30 4o i /’\\>T\ /
Vs ] T | —— Ml
20 Z | - =
| L~ — —
10 = T T ~
e :
O = T
0 1000 2000 3000 4000 5000 6000 7000 8000
Frequency in MHz
32401 =—32402 32403 32405 324075 =—32410
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Shielding solutions — Communication standards

= Flexible ferrite sheet with adhesive surface for sticking to a circuit board or to the housing
= Mode of operation - Reflection in the near field, redirection of magnetic field lines
= Applications = Near field shielding, NFC, RFID, wireless power transfer (WPT)

detail A
0,44
0,03 N Ferrite . 0,03
Black PET Tape ‘ l Adhesive Tape
|
Release Paper
|
0,5 +0,03
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Shielding solutions — Communication standards |/

WURTH ELEKTRONIK

= Complex permeability of WE-FSFS materials:

350 T T | | |
150kHz 13,56 MHz
300 ! ; ] |
E 250 H’, l N 144 l ___354 Ll"
§ ——364
c 200
@ - =364 "
= k ™N -
b= ~ " -==3641p"
% 100 J\MAAA/V\W/ SN :
o Le=s— --:: o ---.-'l'—l"‘-n:-:‘ N - — 374 |J.|
50 —oo"'— ” ,.'/'_—--—- - ~~::::1 ‘~.-~-. -==374 uu
—'..‘ T a", /’I’ S==
0 <Ts — =le .
0,1 1 10 100 1000
Frequency in MHz
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Shielding solutions — Communication standards o=~

WURTH ELEKTRONIK

= Metallic surfaces in the vicinity of communication coils alter their inductance and detune the resonance.
= Magnetically active sheet inside the gap minimizes the impact of eddy currents inside the metal.

13.56 MHz 13.56 MHz

3 g
3 3
2 \x_ g
E E
¥ Frequency ¥ Frequency
lrll
g
: §
=
a )
] £
ﬁ Frequency . / s - yr %
« Shield : & s Frequency
— .5"' o
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Shielding solutions — Communication standards |/
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= |Increase of efficiency for wireless charging coils

. s " A

q" WIRELESS POWER
CONSORTIUM

// AirFuel Alliance

3 i

Without additional ferrite sheet With additional ferrite sheet
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Shielding solutions — Heatsink /=
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= Flexible ferrite sheet with imbedded ceramic particles for heat conduction (k = 1,4W - m~!-K™1)
_ Tz (K)
Thickness AT =T:-Ts

m

A

Thermal energy
w

PE film(removable)

T; = max. 160°C

Mixture of silicone polymer
and Magnetic metal powder
and ceramics

2,0 0.3

PET film(removable)

0.1 ref.
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Shielding solutions — Board Level Shielding/Grounding Ewi_%

WURTH ELEKTRONIK

= Surface-solderable contact springs, made of copper-beryllium or phosphor-bronze

= Plating:
= Au: 38 nm
* Ni: 0,1...0,5 um
= Sn: 0,8...2 um

= Phosphor-bronze is suitable
for power circuitry currents.
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Shielding solutions — Board Level Shielding/Grounding Ewiﬁ

WURTH ELEKTRONIK

= Contact springs lose their resetting ability (elasticity) after excessive compression.
= Special designs avoid excessive compression - Compression Security System
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Shielding solutions — Board Level Shielding/Grounding Ewi_%

WURTH ELEKTRONIK

= Contact springs can be used as a link between two RF circuits or as a connection point for RF antenna
modules.
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© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com



Shielding solutions — Board Level Shielding/Grounding Ewiﬁ

WURTH ELEKTRONIK

= Surface-solderable cellular block with tin plating
= Can be utilized like a contact spring
= Optimum compression: 20...70% e
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o
o
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0.06
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0.00 t t 1 t {
0 10 20 30 40 50 60 70
Compression [%]
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Shielding solutions — Grounding |/
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= Conductive casing parts and groundplanes of separate circuit boards should have a low-impedant connection.

= Mechanical variants of a connection: D Z))
Y N

Grounding strip
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