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Specific components Z

Solutions — Essential rules

» Technical vs. economical constraints

 Global concept / Early stage

* If not, the risk is additional cost (3 to 5%)

 The margin to solve the problem is decreasing when time is
running

 Another risk: additional delay

* No exact solution but engineering rules to follow

Do not neglect any element (cabling, connections to
ground...)

« Step by step solution to solve the problems.

Copyright © 2020 Véronique Beauvois, ULg
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Passive components vs. H.F. %

Basic passive components: R & L

» parasitic effects: parasiticR, L, C
» coil: non linear phenomena (saturation, hysteresis)
* dielectric losses (f)

R =[R L (nH)] CIO (pF) L = [L//Cp//IR] R
T
R L A
L :R(
' [ ( Ak
” Fig. 11.25

C
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Passive components vs. H.F. Z
L calculation

L =0.002.1. (In(4l/d) - 0.75 (uH) for a group of parallel cables
(diameter d, length | in cm)

L =0.004 . 1. (In(2D/d) — D/l + 0.25) (uH) for 2 parallel
cylindrical conductors (length | cm, diameter d, distance D, D/I
<<1)

L = 0.002 . In(4h/d) (uH/cm) for one conductor (diameter d,
height h above ground)

Empirical rule: 5 to 10 nH/cm

M=0.002.1. (In(2l/d) — 1 + D/l) (uH) mutual inductance of 2
parallel straight conductors (length I, distance D, D/l << 1)

M = 0.001 . Ln(1 + (2h/D)?) (uH/cm) mutual inductance of 2
parallel straight conductors (distance D, height h above ground)

Copyright © 2020 Véronique Beauvois, ULg
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Passive components vs. H.F. Z

L calculation — PCB track impedance
w (mm)
% 100 T T T
* L () i = L=t emiw=0dSmm gL
— L=10cm;w=03mm £ /
» Resistance (e = 35 pm)
10 1
_0,5xL I e e e e e e =
e =7p :
S |
é |
» Self =
« L=10nH/cm 1 |
7
| /|
0. |
1 kHz 10 kHz 100 kHz 1 MHz 10MHz 100MHz
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Passive components vs. H.F. 4

10"

e * The parasitic capacitance

Wit — can be measured with a

N i VNA between power
10’ no| connectors (shorted) and
‘ PSR earth.

X /W« 450 ohm at 1 MHz => 354

PF equivalent capacitance.
« The curve gives us the

: . , validity range of the
10 10 10 10 10 -
Frequency (Hz) capacitive model.

Module (£2)

10'

Figure reproduced from [1]

Copyright © 2020 Véronique Beauvois, ULg 6
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Passive components vs. H.F.

Basic passive components: L calculation

L ag = e Ho () /W

Vertical
Interconnect

1'

Inductive Loop A-B

| Conductor Thickness < h
w>h

Figure 4.3 Theoretical parallel plate transmission line with end termination forming an inductive loop

Copyright © 2020 Véronique Beauvois, ULg
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105

104 1

103 4

Impedance (£2)

a—
—
-

100 -

10!

Asynchronous motor

i /{l\-\
—_— frT( R

AT 74 )
N ___/ ‘
VAL I

! T T
104 105 106 107 108
Frequency (Hz)

Figure reproduced from [1]

N
)|
Passive components vs. H.F. )_H#b/

Common mode example: 3 phases motor

Example of an
asynchronous 400 V, 3 kW
motor.

Common mode coupling
model is valid up to 50
KHz.

Common mode
capacitance to earth is very
high: 6 nF.

Copyright © 2020 Véronique Beauvois, ULg
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Passive components vs. H.F.

C(f), parasitic R for dielectric losses
A simple capacitor model is accurate up to the 100 MHz range.
I 100 A .
| o
~ 103 50 o
E :
= ! » ;:
= l(w—,g a o2
g $-i a7 sl s
SR T : E e Mode | . L i Model
I l'§ : Measurement . Measurement
t T — , -100 - — -
104 105 100 107 108 104 105 106 107 108
Frequency (Hz) Frequency (Hz)
Example: 1.05 pF, r, = 85 mOhm, |, = 43 nH

Copyright © 2020 Véronique Beauvois, ULg 9
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Passive components vs. H.F. 2

C calculation

C = 0.0885. A/d (pF) for two plate of A (cm?) separated by d
(cm) (in vacuum)

C = n.0.0885 / cosh! (D/d) (pF/m) between 2 conductors
(diameter d, distance D) (in vacuum)

0.0885 for g5, multiply par ¢, for other materials.

Copyright © 2020 Véronique Beauvois, ULg 10
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Passive components vs. H.F. Z

C
Class X (¢-¢ & ¢-N - DM) and Y (¢-PE & N-PE - CM)
C (f)

* DC, LF : electrolytic, tantalum

 LF coupling (<1MHz) : MKT, MKC

« HF coupling : ceramic, mica

« HF decoupling : ceramic

Céramique Gr. IT —
Céramique Gr. I L

Mica L)

Papier metallisé ]

MKP - ' |

MKC, MKT, KS, Taflon : :
| |

Electrolytique aluminium -
Tantale |
Verre o

1 10 100 1k 10k 100k 1M 10M 100M1G ¢y,
[Murata]
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Passive components vs. H.F.

Capacitor Comparison — Reference

Type Advantage Disadvantage
Ceramic Class 1 | Small Size, Inexpensive, Stability, Range Small Values (10 nF)
Of Values, Low L, Very Low ESR
Ceramic Class 2 | Low L, Range Of Values Poor Stability, HV Coefficient
Polypropylene Inexpensive, Range Of Values, Low ESR, | Damaged > +105° C, Large, High L
Low Leakage
Teflon Stability, > +125° C, Range Of Values, Low | Expensive, Large, High L
ESR, Low Leakage
Polycarbonate | Stability, Low Cost, Temperature Range, Large, High L
Low ESR, Low Leakage
Mica Low Loss At HF (low ESR), Low L, Very Large, Low Values (<10 nF), Expensive
Stable, < 1%
Aluminum Large Values, High Currents, High High Leakage, Polarized, Poor Stability
Electrolytic Voltages, Small Size & Accuracy, High L
Tantalum Small Size, Large Values, Low ESR, High Leakage, Polarized,
Electrolytic Medium L Expensive, Poor Stability & Accuracy

ALY LR

https://en.wikipedia.org/wiki/Ceramic_capacitor

Copyright © 2020 Véronique Beauvois, ULg
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Specific components

« conducted
e radiated

performance measurement?
= decreasing of disturbance (U, I, P)
= Insertion Loss I.L.

amplitude of disturbance without component

amplitude of disturbance with component

G A 2G| | ZS
@ ZL £0 @ ZL
it = 20] EQ 501 |ZG + ZL + ZS|
— 0 — = 0
810(5) 810 1ZG + ZL|

)

Copyright © 2020 Véronique Beauvois, ULg
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& Conducted

« some components are bidirectionnal (EMI / EMS)
 Importance of source and load impedances (see previous
equation)

« take Into acount the type of ports (power / signal)

« CM / DM or both

N
’j///"

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Power Lines Z

Filters
- to decrease disturbances from EUT to mains
- to decrease disturbances from mains to EUT

—— —— - ——

U | m Filtre 3 /’\\ ame
entree approprie ! \/ sortie

Signal transmis Signal transmis

Signal utile + Signal indésirable Signal utile

Copyright © 2020 Véronique Beauvois, ULg 15
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Distur-
Mains Filter bing
circuit

S AN
) ) Victim
Mains Filter circuit
Mains DiStUI‘- . VlCtlm
Bing Filter circuit

— circuit
b }/\ —

Copyright © 2020 Véronique Beauvois, ULg 16
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Conducted - Power Lines
L
Entrée —= — = Sortie
T ;;VW\_
Filtre

Courant perturbateur : i.) T

Efficient low-pass filter:

C——ZouZ >>
L ——Z,0u/Z <<

N

Copyright © 2020 Véronique Beauvois, ULg
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Zsource Configuration du filtre Zeharge

n=1 oI o

(20 dB / décade)

Faible n=3
(60 dB / décade)

%

- » |deal model
(40 dB / décade) / (nO paraSitiC

y

Faible
n=4 QJMWI'O'O—()@ components)
(80 dB / décade) ;;
n=1
(20 dB / décade)
Elevée Elevée

"= ?60 dB / décade) 1-/ I
L x

"= (240 dB / décade) 1
. @® Data sheet

Elevée Faible

N B dscads) EWEW‘O For Z = 50Q

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Power Lines Z

Le filtrage passif «en mode différentiel»
. - . U
1 Filtre <1 Y Y
@D = [} @ = @O
j= ) —L € £ |u 5
c . 1 C B c |, =
W q - | 0 w5 0!
el il
— I
Courant perturbateur de mode différentiel
Le filtrage passif «<en mode commun»
. 1 -q—u
Ll Filtre
o Ty @ L Il @
: ' ;i (O 3
(0] i ‘ B (0 7
5 — Y Y Y
L ) L b
|__ C ‘__ C u u
- [ ] 7
K 1’) T
- En mode différentiel, les 2 selfs s'annulent car elles
Courant perturbateur de mode commun ., . X
sont bobinées en sens inverse sur le méme noyau.

19
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Conducted - Power Lines Z

A correct implementation is mandatory

Mauvais Correct

[EN 50174-2]

Mauvais Correct

—— FILTRE — FILTRE

r MMse alatere Flan de masse

(((EMC filter size can represent up to one-third
of the total converter volume.)))

Copyright © 2020 Véronique Beauvois, ULg
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&

A correct implementation
IS mandatory

Conducted - Power Lines

EFFET D’UN MONTAGE INCORRECT, EN LAIR

Cp=3a10pF

-

------
- -
- -

Filtre
(self L)
Affaiblissement d'insertion
dB
(dB) &
i %,
[ T
"""" O\ .’ w Affaiblissement escompté
A
) \ ’g\/ & (catalogue)
——J0—— !
! Affaiblissement
L
/\’ réel
i
Ex.:pour L=3 mH 0 : - F
et C, = 3 pF, -
Fres = 16,8 MHz S " on v Ic,

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Power Lines Z

Solution: Reducing switching frequency

V{pulse)

60dB

» Reducing the switching
frequency reduces the
amplitude of all
harmonics.

* The only advantage of .|
using a higher switching .
frequency is a potential .|
size reduction of EMC ...
filter at the fundamental ,....
frequency.

-160dB

40dB- A
20dB-

0dB-

CETER A A ! AL
10KHz 100KHz 1MHz 10MHz 100MHz

Copyright © 2020 Véronique Beauvois, ULg 29
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Filter design for conducted emission

« EMC design often trial and error » The basic cell is shown below:
=> We propose

« Modeling, characterization, design
and optimization of filters =>
challenge.

« An EMC filter is simple but its
design requires to:
1. design the filter according to

P,

master- operation, . Z,is a shortcut for the perturbing
2. gillae parasitic elements into account current, typically a capacitor.
3. perform a correct implementation to © Ly indcrehase the ilronpedance to
reach expected performances. avoid the perturbing current to go

outside.

Copyright © 2020 Véronique Beauvois, ULg 23
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Filter design steps

1. Collect EMC requirements 4. Estimate noise level (PWM cell
(standards). model + simulation or
2. Collect functional requirements measurements)
(current, voltage, safety limits, 5. Define required attenuation.
transient, inrush limits). 6. Define filter structure and poles.
3. Evaluate converter negative 7. Calculate L, C components based
resistance (input) and define on:
f!lter Impedance (differential . cut-off frequency,
filter only): :
 leakage current in common
Wl mode filters,
Ru = =111 » 0 < IR, « Z,impedance in differential
mode filters.

Copyright © 2020 Véronique Beauvois, ULg 24
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the earth path:

continuity.

o OK for EMC
@ NOK for safety and ground

Common mode inductance: introduction

both line:

differential mode.

power supply

@ Dbig inductances required
@ increase impedance in

—

%

SMPS

—~

e LA
l SMPS | Power supply l
T T'(.\‘2 S Earth 3 T T

Lo

-

o ]

Figures reproduced from [1]

\

« Common mode inductancein < Using differential inductor on

\\

Copyright © 2020 Véronique Beauvois, ULg
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Uprim.

Uvc

Conducted - Power Lines )—W
Isolation transformers

» to allow changing earthing system (IT, TN...)
» to Insure a good galvanic isolation in LF

Ca

S

@, [ Acosmsse | C1p = 50 PF for 100VA
some nF for some kVA
037/ ﬁ(éz i t-2-sol)

00000

Transformateur ordinaire

1 = _c::uura.nt Perturbation indésirable
indésirahle
Phase Phaze
Ly L
Neutre 3 % Neutre

Froduif victime

Frimaire
reseau
Secondaire

N
’j///"

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Power Lines
Isolation transformers

) ) Isolement
Transformateur Représentation
BF HF
i
o =
= T
m =
Standard E é % § OK Inefficace
o o
%)
o
fil] =
= ©
. m o
Simple écran E % E s OK Moyen
= ]
o D
n
=
2 gs
o 2 E THN-S
. = ) .
Double écran 5 g5 Neutre OK Bien
w
! + PE
i

+ Zmise a la masse

Transformateur a écran

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Power Lines Z

Isolation transformers

A correct implementation is mandatory

/ Torsadé

[ Trangformataar ‘

‘ransformateur

Copyright © 2020 Véronique Beauvois, ULg 28
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Conducted - Power Lines Z

Components for transients

Different kinds of components are used for the protection
against overvoltages.

1. Spark gap (“eclateurs™)
2. \aristors
3. Semi-conductor components

\

\\

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Power Lines 4
Components for transients

Ideal protection criteria?

In the presence of a disturbance, the ideal protection
component should limit immediately the voltage to a level
lower than the lower value of the maximum acceptable voltage
for the circuit.

Regarding consumption, it should consume:
- The minimum of energy during permanent regime
- The maximum of energy during disturbance

Protections in series or in parallel: check the defect mode of
the component (open circuit or short circuit).

Copyright © 2020 Véronique Beauvois, ULg 30
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P gl &

(@) simple
Is

SE

Is isolant
(B) a faces paralléles

(@ triglectrode

Spark gap

Régime d'effluves

S

-

Uamorgage ~400V

Vir=100 V

Components for transients

] Electrodes—\
Uamogage e

“h Espace d’'amorgage — | [
/Y

I

47

- --7

Montage évitant le courant de suite : en fin de perturbation,
la tension V;,. de la varistance empéche le maintien de Parc.

Copyright © 2020 Véronique Beauvois, ULg
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Components for transients
Spark gap

Malin characteristics:

* Very low residual voltage (+)

« \ery low parasitic capacitor (+)

« Very high flowing capacity (+)

» Sparking time is related to gas ionisation (-)

Criteria:

» sparking voltage > maximum voltage of circuit (x 1.5)
« maximum sparking current < destruction value

e lifetime

\

\\

Copyright © 2020 Véronique Beauvois, ULg
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Gtk Components for transients Z

Varistors (varistances)
This Is a component with a resistance varying according to the

reverse of applied voltage
H J = KV*

Varistors ZnO prepared by sintering (frittage) of different
oxydes (chemical mixture and thermal treatment are very
Important).

Criteria;
» Calculation of dissipation energy H‘ ﬂ
« Stability of characteristics (dc, ac and pulse) o

,r"‘I"x Disques
' ";/—decontact

g « et connexions
T ..' )

Copyright © 2020 Véronique Beauvois, ULg
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Varistors (varistances)

e

(VS
Uivots) VARISTANCE Zone '\('é.-&g;{/.'
I de destruction 'y"\l" }
L E ( [
! - ayn \ - :\ —
VCOU e T - - I\\ .
‘ , 'rnA‘ﬁszona, .\ Advantages-
TRANSIL .\
! * moderate cost
NN\

~ *small response time (< 50 ns)

e different values of knee voltage available.
Drawbacks:

* slope I-U is soft

« high parasitic capacitor

(not efficient for quick signals)

« slow destruction by fatigue, carbonisation
risk and burst

Copyright © 2020 Véronique Beauvois, ULg 34
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Gt Nrbri Components for transients VW/J

Semi-conductors v

» diodes inversely polarised (Zener and avalanche)
» thyristor effect component

e « surge suppressor » group of components, integrated on the
silicium level.

Characteristics:

Easy to use (+), economic (+), very quick (+), nearly perfect
characteristics (+), steady voltage in conduction regime (+),
limited absorption energy capacity (-), end of life as short-
circuit (-).

Copyright © 2020 Véronique Beauvois, ULg
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Dispositif

Dicde
en direct
{8 2.1)

Diodes Zener
et a avalanche
(§ 2.2.2)

Dispositif &4 effet
thyristor
{3 2.3)

Varistances
(Zn0)
(5 3.3)

Eclateurs a gaz
(8 5)

Tension
de service
du circuit

protégé

(V)

05410

54200

75 & 300

b5 a5 000

100 & 20 000

Temps
de réeponse

ins)

trés rapide
=1

trés rapide
= 0,1

10450
(fonction
de dv/dt)

il

<

Possibilité
d’absorption
d'énergie
{J)
faible
10231
faible
10231

bonne

quelgues joules

trés bonne
10 & 10%

trés bonne
10? a 10%

)

Copyright © 2020 Véronique Beauvois, ULg

Courant Gamme
Capacité de fuite de température
au repos d'utilisation
{pF) (A) {(*C})
faible impaortant N
10 4 100 10531073 —40a+85
élevée important .
102 a 104 1021073 —65a+125
maoyenne faible limitée
10 4 300 1072 —-40 & + 85
-Bba+ 1256
(modéles standards)
. -553+86
1?2':}?%“?;3 1 DI?I‘blfﬂ‘E {modéles de forte puissance)
asr a {limitation & haute
tempeérature due
au courant de fuite)
trés faible trés faible .
12410 10722 107° —55a+125
.; 10* ¥ T
S - 1111
f: 1w0* Itn‘m’u:ni 3
i e 3
£ E = i
S LU L o s I
7 | PR
R
/ = !:'5!:;.5 I
1 [ Oiodes 1l_|_LLT: T T
~fon i Diccius 4 4 1+
..\uclA avalanche 1
1 T TTIIT 11 1
1! 10 10° 10° 104 105
Tenmon efficace du circuit protage (V) 36

Onde 820 ps
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[

Y

/S
/

(&) montage unidirectionnel

(B} montage bidirectionnel

Cate | 3
non | E D g/
protégé | /Z
[

Cdate

protégé

i ' J}a

Ligne
non
protégée

E
v
Mode Mode
commun différentiel
RL RL '
| S | S|

Ligne
protégée

1 | —
1 | 2 | 3
I I
Etages

D dicodes de protection
DEI diode bidirectionnelle
E éclateurs

V' wvaristances

Copyright © 2020 Véronique Beauvois, ULg
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Gas tube

Varistor

Semi-conductor

U
surtension surtension
rapide énergétique
> >
MS ms
_amorgage | U
~ "/ \
| \\ / N\
A o \ "" amorgage \'\. ?
> >
us ms
A
/ / -\_A
f"'; \\ "”‘ \\
/ emballement
' thermique
™
> L
us ms

~

1( e .
\cm;rl-circui!

L
ms

Copyright © 2020 Véronique Beauvois, ULg
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 In EMC efficient components are mandatory but a good implementation is
also mandatory.

» Those components are efficient regarding transients, but fuses and breakers
are still mandatory on the input of power circuits.

* To install components as near as possible.

* Energy to ground.

* In case of components in parallel, take care of their non linearity.
 Importance of equipotentiality.

\

-« F
& vniversitd Components for transients )—WMJ

\

Copyright © 2020 Véronique Beauvois, ULg
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C = écoulement des courants
/ de MC a la masse-chassis

Conducted - Signal lines
Filters for signals

N
)

Affaiblissement d'insertion (dB)

0,1 1 10 100 1000 10000

Fréquence (MHz)
(a) Filtres capacitits de type traversée. : 'atténuation est donnée pour un montage
Rsource // Rcharge = 50 2 /50 Q. Pour d’autres configurations, il faut corriger

Rs Rc

les courbes de la quantité 20 ig m
s c

Individual filtering for signal lines

Affaiblissement d'insertion (dB), 50 Q /50 Q

80
70 ’,w““
A :Filtre en “IT" gq ¢
2x0,5nF +0,2 pH A/ %6
50 e
B:Filtreen” 40 / Bl 4
15NF+02puH 49 /’
20 4
/ f
IF#
0,1 1 10 100 1000 10000
Fréquence (MHz)

de ferrite,
n tours

Condensateurs
disques céramique

[ Extérieur _L L Intérieur

o—==TO

C

LIL
O/ TP == T 0

Cc

1

Paroi 4 traverser

Pour les cas oll le circuit
basse impédance
est a lintérieur

“T", pour les cas
ol les deux c6tés
sont a basse impédance

“IT", pour les cas
ou les deux cotés
sont 4 haute impédance

(b) Filtres de traversée a 2 ou 3 étages pour courants faibles ou moyens

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Signal lines Z
Filters for signals

parasitic L

|

Pl L
]

Détail de la plaguette céramique
multicouche

Avec des condensateurs discrets Avec des CMS

220, 470 ou 820 pF

Embase,
(typ.)

partie arriére Pistes llot de masse

du circuit imprimé  relié au chassis Bordure étamée

"pour soudure au plan de masse

~an

Avec plaquette multicouche

> 0V du circuit imprimé

Affaiblissement d'insertion (dB)

(dans 50 @) N m— Limite pratique
= %
Condensateurs céramique a la masse : 50 A "
- au chassis (de préférence) ) / N
- alaréf. 0V, prés de la connexion au chassis 40 Multicouche 4 700 pF " p
30 A
// L/ Multicouche ou CMS 820 pF
20 p N i
10 / o rd Disque céramique 820 pF
- - - - A A avec pattes 2 x 2 mm
Filter 1/0 on printed circuit board ML
0,1 1 10 100 1000 10000

Fréquence (MHz)

Copyright © 2020 Véronique Beauvois, ULg 41
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Conducted - Signal lines
Filters for signals

PA4 = 400 pF min
P02 = 1 800 pF min
P04 = 4 000 pF min Aftaiblissement d'insertion (dB)

P16

’j/// |

Po8 P04

P08 = 8 000 pF min 70
P16 = 16 000 pF min

A

H P02
’!
/ / / AL PA4

/ i / A 1

Boitier métallique aluminium,

q 4
/

/

/1 /]

Toos farrie avec revétement anti-corrosion
N (Ni, Etain ou Or)

) /

A/

/

20

N

10

- Plaquette céramique (x 2) multicouche

Doigts de mise & la masse (400 pF a 16 000 pF)
des condensateurs multicouche

Connector-filter in Pi [Amphenol®]

100

1000
Fréquence (MH2)

Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Signal lines 7

Isolation transformers for signals
DM (transmitted) - CM (blocked)

i I
e LAY
T
H i Ao =
oV —4— —4—0ovV 8 =2
B //' 1|—C1_2 M L ov I § [ E 3
_ o _ mécanique = 3 i
= — e = 2 ko
o l/ £ GND - ~4#+--IGND
0
{ Réjection au mode commun o€ § g } 3
= sh k=
=201g Uyp/ Umc o« 2
A "01 2 LA E
of IR ov @
— a
C " ﬁ = 0
1M_!- L/2 ~ 20} \e( e\‘bﬁ é’
- Fe —401 L ]
B
o | P Cro -60 %
Co.m =' L2 —801 y
: ~ 100} ov
—_ L=
- 120 | S A S B 1 1 Unc .
0,01 0,03 0,1 0,3 1 10 100 . !
Fréquence (MHz)}

With mid-point:

* lyc: OK

» galvanic insulation of ground: KO
Copyright © 2020 Véronique Beauvois, ULg
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Conducted - Signal lines

L’opto-coupleur

Optical couplers

By-pass C,

,--// &
i \\
) .
.

Internal C,, (between LED
and photosensitive element)

Perturbation indesirable

Produit victime

Copyright © 2020 Véronique Beauvois, ULg
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Eviter

Optical couplers

Importance of a correct implementation

Utiliser

)

couplage

Alimen-
-tation

Almen- I
-tation

I

[EN 50174-2]

)

Conducted - Signal lines )—W//

\|
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Power / signal lines 4

Baluns — CM inductances

N\ mer
\lsignal (MD)
/ S e °
LY 0000 -

eI )3 M2 = My \/\\/\\/\\/\:

2
? -
-, - [ lsianat (MD)
v MC2
—_— / e Réjection de mode commun (dB)
- 12 0 Boitier D.I.L
—-10 i Rl .
20 N @;\ W1 ?,"\N..“ 1 O_%_O
2 A AU 2o ogro
a4 g soiteto
- 40 iy’ 4 O—-‘\Qﬁﬁf.‘i—o
U > ‘.
50 sOT 510
60 (1)) Bobine anti-mode commun, 1 mH 6 O‘—\Qm.l: e
0 70510
8 O -1
0,01 0,1 1 10 100 1000
Fréquence (MHz)

@Transformateur “Balun” pour applications BF.

@Transformateur anti-mode commun pour liaisons numériques 8 fils.
La courbe 2B correspond au plus mauvais cas : signal aller broche n° 1, retour broche n° 8.
La courbe 2A correspond au meilleur des cas : aller en n° 1, retour en n° 2.
La perte pour le signal utile est < 2 dB.
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Power / signal lines

Ferrites (magnetic ceramic MFe204)

Un ferrite sur les 2 (ou 2 x n) fils

Un ferrite par fil n’affecte que IMC
atténue les courants MD et MC

\

Flux dans le circuit magnétique : @ = Bx [ (r,—ry) ¢ N |Cke|
" Bmex {2~ 1) « Manganese
Imax (saturation) = L torrite -
Brnax = 0,1 2 0,2 tesla (typ.)  ZINC
) » Copper
[ J
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Power / signal lines
Ferrites

Nickel-Zinc (NiZn) :

- low permeability
* high resistivity

» usable frequencies >10MHz & <1GHz

Manganese-Zinc (MnZn) :

* high permeability

* low resistivity

« usable frequencies
<10MHz

)

Type Mat erial M Boay Te P
(mT) Q) (Q2m)
Manganese 3E8 18000 350 100 0.1
Zinc 3E7 15000 400 130 0.1
3E6 12000 400 130 0.1
3E5 10000 400 120 0.5
3E26 7000 450 155 0.5
3E27 4000 400 150 0.5
3C11 4300 400 125 1
351 4000 400 125 1
3C90 2300 450 220 5
354 1700 350 110 10%
3B1 900 400 150 0.2
353 250 350 200 10*
Nickel 4A15 1200 350 125 108
Zinc 452 700 350 125 108
4B1 250 350 250 108
4C65 125 350 350 108
Iron Powder 2P0 90 1600 140 * low

Copyright © 2020 Véronique Beauvois, ULg
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Alimentation

Power / signal lines

Ferrites
|'|If |'|I./';'|\ ﬁ—h-i‘fz
| I -
- [ || ||,'t .') /2

Capacite _|_

|::| Recepteur

E

— Capacité

parasite ~ | T parasite

A\
/////'|
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with
wls = wlops
LRs = wLop¥

4nN*107°
4

L, =

Equivalent circuit

Z=jowLs+Rs=jwLo(Hs-jHs) o—m—/\/\/\/—o

Power / signal lines
Ferrites

Complex Permeability vs. Frequency

)
==
W <+
N
o
H
108 108 107
Frequency (Hz)

100

Z, R, X (1)

250

200

150

100

50

NN

100

107 10# 10
Frequency (Hz)
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Power / signal lines Z

12
@

/LN

500

RO,
1000 N @
:

Yy l r
200 |/ y4 = . __“__-_
/, 1 //’ ' M
100 LV 4 PoL
——p O 0000 O
4 z
50 Il L”
LT[ M
L.t LA Circuit
20 // équivalent
10
1 10 100 1000

Fréquence (MHz2)

Tore pour cble

muilticonducteur Impédance donnée

pour 1 passage (N=1).
pour N = 2, ou 3, Z est multiplié
par N jusgqu’a environ100 MHz
Tore pour cble
en nappe

(©) @ Ferrite CMS, taille 3,2 x 1,6 x 1,1 (mm)

(sources : MURATA, STEWARD) Ferrite core = localised effect
Distributed effect?

Ferrite 6 trous, 3 tours

(source : PHILIPS VK 200)
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Power / signal lines
Lossy cables

Isolant PVC

\

signaux

Atténuation (dB) dans 50 Q /50 Q
80

70
I=3m / /
60 y
V.
50
/ / /
40
/
30 A /
// I=1m /
20 /, 4
10 ,/ />/
A
. — LT / 1=03m
10 100 1000
Fréquence (MHz)

N

Y)

Stranded conductor

EMC/COM

FVIC insulation

Synthetic foil with Al-coating

Copper biraid
PVC sheath

MOTOR DRIVE CABLE LiMY(St)CY-JZ 4 x 2,5 Typical attenuation versus frequency

[dB/m]

1 [MHz 10

1 :LIMY(St)CY 2 : standard cable
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60
50
40
30
20
10

0

LIEGE

université

@

VMVB Installation Cable Common Mode Attenuation in dB/m

Power / signal lines
Lossy cables

Orain wire

Solid conductor

PYC insulation

EMC/COM

Synthetic foil with Al-coating

PYC outer sheath

VMVB

Stranded conductor

EMCICOM

PVE Tnsulation

LP/CABLE LIMYCY Typical attenuation of both common and differential mode disturbances

Copper braid

FWC sheath

LIMYCY

Attenuation [ dB/m ] versus frequency - all types
[%Bfm] 12
PR B R R RN | [11]
0
/ = | LLTHH NERE | [IT]
// S N RN R RN
20
S R R T T LT
10
: NERE L T
01 [ MHz] 10 100 1000
10 Frequency [ WHz ] 100 1000 1 : Common Mode attenuation 2 : Differential Mode attenuation
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Twisted cables

i

mauvais B
Atténuation
{dB)| Nombre de fois ' 1 '
2010 e
Courbe;mesurée jushju'a -~
8 1 MHz pour une lengueur P ~
de 1m e T
LB
15
5 fem induite
-4
1013
F2
5
)
/
/
f
/
[
2 10 20 40 60 80

Nombre de torsades par métre

ST LR

P || B D)o

| |

paire torsadee
(NB : les torsades sont grossies pour les besoins du schéma)
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A shielded cable is characterised by its transfer impedance Zt.

Lets consider a coaxial cable over a conductive plane (figure). We connect at
one end between shielding and ground plane a source E, with an internal
Impedance Z,. At the other end, the shielding is connected to the ground plane
with a short-circuit. I, is the induced current in the shielding. The central
conductor is open at one end and short-circuit at the other end. V;, is the image
of the shielding defects (I, on the shielding).

Zt is V;,. over Iy, in Q/m.

Zt is a function of physical characteristics
and geometry

- homogeneous tubular shielding

- braided shielding

- helicoidally shielded

\

\\
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Shielded cables
A
| £
Blindage Blindage
helicoidal tresse
Ro ~ i Same lineic resistance 6mQ/m (typ.)
BHndagé
homogene
tubulaire
|
| .
1kHz foy  fo frg 1GHz
& Do not confuse metalic armature (mechanical)
and shielding.

/J/JI
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4’ Shielded cables

Multi-pair cable
Double shielding
with aluminium sheet and
tinned braid

Multi-pair cable
Shielding for each pair
and general shielding
(tinned copper braid)

Multiconductor cable
aluminium shielding

Multiconductor cable
+ shielding
(tinned copper braid)

Copyright © 2020 Véronique Beauvois, ULg
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Shielded cables

Maodule [Eﬂ [mm'm}
1000

1 feuillard
aluminium

100 ___sf /
1 tresse

— optimisée
10 P -

— " /

2 tresses
optinisees

i\\::,// triaxial
N

1 tresse

e
//"'
/.

N |

0.1

E 31r;sses 2 tresses
u - 2 pmétal + 1 pmétal
0,01 £ \ — y
: IlI.
u Coaxial
B semi-rigide
ﬂﬂ,ﬂ,“l L1 1ilii L1 11 1 1 LI piiiy o b rarnin ||||||||| |\-.|||||||
© 100 1 kHz 10 kHz 100kHz 1MHz 10MHz 100 MHz
Frequence
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Shielded cables
E
FCE |
C
o) _
Og—iff; Is
dg_ | s
E
sNT
- PCE
(a) ..-;
o)
Dﬂ A s
lg
T[’s
(b)
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PCB

Shielded cables

N
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Shielded cables

End of shielding braid? Solutions [Radialex®]

L
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