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General definition:

-Earth’s ground considered for electrical iInstallations as a
reference of OV

-Variable electrical conductivity — naturally electrical currents
are flowing.

Key-roles:

- Lightning current flowing

- Leakage current flowing

- Protection of persons

(IEC 364 — Electrical Installations of Buildings

& IEC 50164 — Lightning protection components)
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Earthing/grounding and EMC:

For a lot of EMC phenomena (transient disturbances, HF
currents...), earthing conductors are not efficient as they are very
long and the used topology means a high impedance versus HF.
The only solution Is meshing to get equipotentiality.

Mesh size: == A/10.

All electrical elements, components, should be connected as
shielding, screens, CM connections of filters (remember some
remarks on good implementation in Components).
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$ $
.
Armoire Appareil
d Loop between grounding =
$ | surface beween 2 grounding

cables, resulting of a
systematic meshing of ground
to insure equipotentiality.

T

¢ ¢ ¢ 3 Solution?
7//// || To reduce loop size with a
Boucle Machine small mesh size.

/ de masse
_{/// A f
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Appareil

Armoire

Grounding and earthing

7 Appareil

Alimentation

corresponding grounding cable.

Machine

Grounding loop: surface loop between a power/signal

cable and a

Solution? To reduce loop size with a very short distance between power/signal
cable and corresponding grounding cable (all along the cables).
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Cables de terre inévitablement longs |

Nl =~
Star grounding

Conducteur de

T e

JI_ protection (PE) i l ‘ Lmax 50cm

Series groundin
@ 9 9
1
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Armoire

ry Fy

Boucles de masse de grande surface

Grounding and earthing

Armoire

I

Jr
Cable perturbé
Armoire

—

—
w

Fa {
LA

Armoire

Cable bas
Grande longueur niveau

Forte impedance commune
===> ddp entre les équipements
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Building:

 ground meshing by level

« connect all metallic structures of building to the ground (pipes,
ducts, duckboards...)

* In sensitive zone (computers, data, measurements), consider a
small meshed system

Equipment:

 Connect all metallic structures together

Rack:

 a metal plate in the bottom of the rack

» Insulating coating and painting

« good contact between components and metal plate (green-
yellow cabling is not sufficient for EMC).

Copyright © 2021 Véronique Beauvois, ULg 3
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Paratonnerros
| ] |
Ceinture extéricura {1 par &tage)
o Paratonnerra
Conductaur

de

descanta
Goulotta Conductaur
- de
descente
m® plan de_ /’J !
: : I'installation ﬁ’ //’ /L
Baia Baia

LN

Grille de massa

Structure ’l‘

Salle

j’f a"r ,.-")r ﬂgélactrnniqua

conductrice  Cable 197 plan de F, o )
du batiment e Conducteur I'installatin_ﬁ- 7 T ou d'informatique
H’f Fll'FFFyErry
LA 7TT7 | 770 (Prip s s e 707 EWZ
& rd £ FFF 7
m ,gwffffffff;ff ~—5ol
|_ Réseau de tare | fl..r'f f-'" J.r"f ;,.-" f.-"' f.-"" f.-"' ,.-"f_l..l" 7

ou d'énergis

P A iV
/' Cable signal é'ﬁ‘r\— Canalisation entarrée J,.r'f Jl.r'f J.r; f"r _,.r'f J.r"'r Jl.r'f f.-' J.r‘r ;"'r \\

,-f
Partie souterraine du réseau de terr
D Plan de masse intégré m— |jgison équipotantielle
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Reasons of Shielding

« Reducing emission: . ﬁ / NH
— see for related standards o~ 2 | jjj - erer el
* Improving immunity: >

— radio-frequency magnetic field
— 50 Hz magnetic field
— Impulsive magnetic field

— damped oscillating magnetic field - Important parameters:
— see for related standards _ material
» Used locally to protect one _ thickness,
sensitive part of a device: — characteristics of the source,
— internal local problem — distance from the source,
— no corresponding standard — presence of openings
— presence of traversing
conductors

Copyright © 2021 Véronique Beauvois, ULg 11
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Materials Relative Relative
conductivity in permeability -
relation to copper (100 Hz) M ate r I a I S
G ur
Silver 1.05 1 Constants and physical properties
Annealing copper 1.00 1 " _ AT X 10_7 [H . m_l]
Gold 0.70 1 B 9 1
Aluminum 0.61 1 fo = 1 /(3 67-[) x 10 [ ]
Brass 0.26 1 ¢ = 3% 10° [ 1]
Nickel 0.20 1 Ocopper = 5.8 x 107 [S-m™!]
Bronze 0.18 1
Tin 0.15 1 L= Ho X Hy
Steel, 3% Si 0.10 1,000
Lead 0.08 1 0 = G X Ocopper
Monel 0.04 1
Stainless steel 0.02 500
78 Permalloy 0.11 15,000
Mu-metal 0.03 13,000
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Effect of frequency on materials

6000 T
; i ——Permalloy 78 Steel, 3% Si
14000+ —o—Mu-Meta ! Frequency kHz MHz GHz
- - ——SQeel with 3% S <10 | 1| 3 10 | 30 [100 | 1 | 15 |10
12000} 4 ~ 3 pr 700 | 550 | 400 | 300 | 200 | 50 | 10
g i i | Mu-Metal and steel have very high
g SO0t - it 1 permeabilities but they quickly
g 0000 +4-b-4- b4 i i . decrease with frequency.
4000 foe3 i 20 i H
- - - - - - - - 3
OI P A.lz A " ..‘AA.A:’ i Al 1‘ A A AAA‘AAS
10 10 10 10 10
Frequency (Hz)
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Material wave impedance and skin depth

. . - _ 2
Wave impedance in the metal Skindepth o= 4/7=
VASES @ Skin depth at 10
|H, | - Hz in Aluminium
jou
Zm o+ jwe

a>>coe=>|Zm|:d1/%
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N E —o— Field source E Wave Wave impedance
jf\ —o— Field source F
} \,“ z?mlnant near-field E Far field Zs = 1207 kr>1
» \¢High impedance
10 B
i 2 3 Near field, E source Z,= ir X 120w kr«il
£ i - '
% ‘OJE 7 | Near field, H source Z,=k.rx120m k.r «1
5} 5 o SO 374 ‘
g + o \,7',”" !
3 B
-1 2|
E 105‘ e
g £ Prod
: | = 2x dv/dt area => E source
10‘ f ,\"’ % A = _
Foaet ommtvehodi di/dt loop => H source
i
10 bbb - Ceee i J.
10 10 10 10 10
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Expression of attenuation

Z, Z, z, Attenuation is mainly due

Sou'rce >Ti E_(X) to:
\ H, O >TE\t — Reflectionat x =0
Hm(X)
H

m — Attenuation between 0 and e
t — Reflectionatx =e

>

f ¢
)

distance r .
(0 Thicknessx €

Copyright © 2021 Véronique Beauvois, ULg 16
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Attenuation: reflection
7
Atx=0 :
Source E
_ Z,-Z, ® m
PAM = Z,+Z, A Oy,
27 Hm
Ey = E)+ E? = (1 + pan)E) = 7535 E?
‘) () ’
27, distance r
H!g = Hjo - Hrp - (1 - pAM)HjO = Z,+Z, H;O Q Thickness x

i

Copyright © 2021 Véronique Beauvois, ULg
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Attenuation: reflection

At x =0:
Zm ZS
_ z-z Source AE,,
PAM = 7,37, * 0
A R e o
0 _ 10 0 _ 0 _ _2Zy 10 H;> S E
E; _Ei + E; —(1+pAM)E!. = mEI O, t
& H "E‘ H
0 _ g0 0 _ 0 _ 27 0 A\ § - e t
Hy=H;—Hy =1 —-psn)H; = Z,+Z, H, distance r >
O Thicknessx €
Zs_Zm
PMA = 7, +Z,
e e e e __ QZS e
Ef — Em + Er —_— (1 +pMA)Em — Zm'l'Zs Em

Hf = Hf— Hf = (1 - py ) H = 522 Hj;

Copyright © 2021 Véronique Beauvois, ULg 18
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Attenuation: reflection
At X = O: Zm ZS
zZ -7 Source AE,,
PAM = Z 37 &
2 A ?H:Oé O
Z
Ep=E)+ E) = (1 + pay)E) = 7% E) mof :
¢ H.vE,
27, b § > r r
Hp=H)-H=(-psm)H} = 75 H distance r AL

Z,—Z

S5 Jid]

PMA = Z 37

m 5

Ef = Ey + Ef = (1 + pya)Efy = 7= Es

H=Hj -

Hf = (1 = pya) Hi = 522 Hy;

O Thicknessx €

Attenuation due to reflections:

47,7,
(Zn+Z,)?

4z, Z,
(Zn+Z,)*

R,p = =20 log(—ZzZ:_

>)

Copyright © 2021 Véronique Beauvois, ULg
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Attenuation:

L= Hg X
| Z| = ) =

Wave Wave impedance

Far field Z,=120m k.r > 1

1
Near field, E source Z, = r X 12071 k.r«1
T

Near field, H source Zy=k.rx120m k.r <1

k= 2% c=Af

reflection

4Z Z, )
(Zm+Z,)?

R, = —20log(—=—==

Z < Z = RdB — —2010g( m)

Far field : R;p ~ 168.1 — 1010g(%f)

Near field E: R;p ~ 321.7 — 1010g(LGT2)

Near field H: R, ~ 14.6 — 'lOlog(ﬁ)

Copyright © 2021 Véronique Beauvois, ULg
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Attenuation: absorption
5= /=2
ZS Zm ZS “He
Source >Ti En(X) E,(x)=E,QO) - e s
2
Hi Om E' . _ X
A Wyt | >T\ H,(x) = H,(0)- 3
A Ay = —20log(e) = —20ME D) _ g egge
4 > dB = og(e™5) = o)~ ° 5
distance r
(0 Thickness x = Ayp = 131.5- m e

Copyright © 2021 Véronique Beauvois, ULg
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Far-field
4007 YTy —
- Aluminum 1mm
» Steel Imm
350+ ! e Aluminum lum
Steel 10um
300 f 3
2 w0 #  Effect of thickness.; A,g
qg) 200:
§ fovererreT Attenuatlon mainly due to RdB
(G R B e oo o o VSR U A
100[ ; """ yorw= 0 o
S0}
10 10 10 10 10

Frequency (Hz)

Far field : Ryp ~ 168.1 — 10log(%L)

Agp = 1315 \/u, fG - e

Use case: far field attenuation
for aluminium and steel

)

Skin depth Wave impedance Z,, Rap
(10 kHz) (10 kHz)
Aluminum 850 x 107° m 47 x 1070 126 dB
Steel 66 X107 m 3.7x1073Q 88 dB

Typical application:

immunity to external radiations

Copyright © 2021 Véronique Beauvois, ULg
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4007
3501
3007
2501
200

150}

Global attenuation SdB

100}

Fou
* B

Use case: near field attenuation for
aluminium and steel

Electric near-field

“Z— Aluminum 1mm

©— Steel 1mm
«— Aluminum 10um |
&— Steel 10um

Effect of thickness 'AdB

oy

Wt

Attenuation mainl y
due to Ryg

< SN

10 10 10 10"

Frequency (Hz)
Note: shield at 10 cm from the source

)

Near field E: Ryp ~ 321.7 — 10log(*L")

G
Agg = 1315 \/u JG - e
Near field Electrical
Wave impedance Z, 18 x 10° Q)
Rag Steel (10 kHz) 182 dB
Rag Aluminum (10 kHz) 220 dB

Typical application

reduce emission of E field sources
= traces with high dv/dt

Copyright © 2021 Véronique Beauvois, ULg
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Global attenuation SdB

* L

université

400

350

300

250

200

1501 2

100

IEGE

Magnetic near-field

¥ Aluminum 1mm ||
<— Steel Imm |
—— Aluminum 10um \

o Steel 10um }

 Effect of thickness': Agg

Attenuatlon mainly due to RdB

"J"

o7 EEOEWROWSS Lo L g '._.,-r-: |

Note: shield at 10 cm from the source

Use case: near field attenuation for
aluminium and steel

)

A4Z,Z, )
(Znt+Z)?

Agp = 1315 /i /G - e

R, = —20log(——=

Near field Electrical Magnetic
Wave impedance Z, 18 x 10° ) 7.9x1073 0
Rag Steel (10 kHz) 182 dB 1.2dB
Rap Aluminum (10 kHz) 220 dB 32 dB

Z,, = 3.69mQ (Steel, 10 kHz)

Z, = 47uQ (Alu, 10 kHz)

Copyright © 2021 Véronique Beauvois, ULg
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Attenuation: shielding with cables?

/

SHIELD

E (dBuV/m)
____________________________________ d=3m};
H

. A= == 1
Radiated power density: |.S| = | E,||H,| =

U | (dBuV) Z{Iir

wire Power conservation: P = U—; = |§'| Ard? = |§_,|2 Axd? = '1‘52)'; - Ard?
= UdB,uV = EdB,uV/m + 20 10g(d) + 2.22
Uiy = Eapuvim + 11.76, at 3 meters
25

Copyright © 2021 Véronique Beauvois, ULg
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Attenuation: shielding with cables?

» EXxpected field (dBuV/m) can be estimated using conducted
measurements results, assuming that:

— the cable behaves like an isotropic radiator,
— the iImpedance seen by the wire is 50 Q.

Uiy = Eapuvim +22.22, at 10 meters

 This rough estimation helps to evalutate radiated emission due
to cable by using conducted measurements above 30 MHz,
keeping in mind the LISN effective bandwith.

 Can be effective up to about 100, 200 MHz.

Copyright © 2021 Véronique Beauvois, ULg 26
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Design rules
Grounding/earthing in racks - connections

PE - PEN S

@ I Barreau

Tresse

; .

=,

Fil vert / jaune

7 727
/) |\

Boulon

Copyright © 2021 Véronique Beauvois, ULg 28
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Transformateur

JAN
=Y

A\
\\

LN\

<BTT

Equipement  Equipement
perturbateur  sensible

NON RECOMMANDE

Design rules
Power supplies management

kp

=

- 1% —
—\ ¢ —

\
L 1

Equipement  Equipement
perturbateur sensible

O A —

FREFERABLE

<D

O—x/Hw——x/— <>

Equipement Equipement
perturbateur sensible

EXCELLENT

[EN 50174-2]

Copyright © 2021 Véronique Beauvois, ULg
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Puissance

BAS niveau

-

: [Geonoc ! [ooegot
FEEGE I FT-T--T-14
LYoo oo ac FI-I-I-1-T4

NAEENOECNAREOE
[ajcyorcy ojcioyoy ofoycyoy ojy
R AR AR HE

=

[T
u]
0

[ = 1

| =
=
m
e
H m
M o
«{
73]
= W
=
o
[n]
=
Y, e
F Y I e
1
1
1
1
1
1
v ! v
T - 1 .
\ers élements Reseau Actionneurs Capteurs
Fuissance Sondes
Détecteurs
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Goulotte métallique

NN

O

Copyright © 2021 Véronique Beauvois, ULg

35




3 LiESE )

Design rules
I

mauvais .

angles d'intersections
quelconques

nombreuses boucles

courants faibles et
courants forts mélangés

bon :

angles droits

boucles de surfaces
minimales

courants faibles et
courants forts séparés
(éventuellement par une
séparation métallique)

Copyright © 2021 Véronique Beauvois, ULg 36
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Cabling rules

- Equipotentiality of grounding (LF & HF) Is ensured
- Do not use sensitive signals and disturbing signals in the same

Cable asse”
(,::;:%) j %uissanace"
T

Classe* 1
"analogigue”

- Reduce the parallel length of sensitive signals cables and
disturbing signals cable

- Limit cable lengths

- Shielded cables permits those signals cables in the same cable
tray.

Copyright © 2021 Véronique Beauvois, ULg 37
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Cables de puissance Fils de Conducteurs
contréle-commande de mesure
avec écran

d = quelques centimétres

Copyright © 2021 Véronique Beauvois, ULg 38
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length of parallel cables.

Design rules
Cabling rules

- Keep distance between sensitive cables and disturbing cables
(costless and efficient solution) — this distance increases with the

Copyright © 2021 Véronique Beauvois, ULg
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Design rules
Cabling rules

- Reduce grounding loop surfaces

Alimentation

Armaire Alimentation
7
2 7

Armoire
Appareil

Appareil

Contrile Cde

/]

Machine

Copyright © 2021 Véronique Beauvois, ULg
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Alimentation l;

Machine

Design rules
Cabling rules

- Signal conductor near grounding conductor

Alimentation

Machine

—
| |

Signaux de classe identique*

* - capteurs bas niveau ==> classe 2

Signaux de classe identique®

g

Copyright © 2021 Véronique Beauvois, ULg
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Design rules
Cabling rules

- ™ i B
5)
3
Glﬂgsg 5
&
o M
b
73]
m
O
W
L o "
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Cabling rules

- Any unused conductor should be connected to ground at both

Copyright © 2021 Véronique Beauvois, ULg
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Design rules
Cabling rules

- Shielding connections?
- at both ends?
- very efficient against external HF disturbances
- no voltage between cable and ground

FPlan de masse
ou
barre de masse

reliee au chassis

Protection HF

Copyright © 2021 Véronique Beauvois, ULg 44
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- Shielding connections?
-at 1 end?

« ronflette »

Design rules
Cabling rules

- not efficient against external HF disturbances
- to delete low frequency signals in shielding called

A

|

A

Protection BF

Copyright © 2021 Véronique Beauvois, ULg
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Design rules
Cabling rules

| 7
- 1 f -

i [ 1] ( 1] )
N r n 7\

I ] | | 1] i | ]
YA i ]\

Protection HF + BF

i

Copyright © 2021 Véronique Beauvois, ULg
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- Shielding connections?
- not connected?

Design rules
Cabling rules

A\ - FORBIDDEN if accessible to touch (voltage
between shielding and ground)
- not efficient against external HF disturbances

Copyright © 2021 Véronique Beauvois, ULg
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Cabling rules
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Aucun effet CEM

Goulotte ouverte

Zones particuligrement
protégees contre les perturbations EM

.
a0
" 1
Fl !
o’ [l
1 3 :
| |
! [
I i 1
] r 1
' |
! i
|
1 [
|

L]
1 I

b
b
LY

Cabling rules

Adapte Preférable

[EN 50174-2]

fone

exposee
aux

perturbations EM

Corniére

.......

Copyright © 2021 Véronique Beauvois, ULg

49



l: LIEGE
g universite .
Design rules
Cabling rules
Cable sensible
Goulottes %%
(77
5 Excellent
Corniéres /ﬂ l |
: 3 ol®
@ %G @ g% @
O
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Design rules
Cabling rules

Non recommande

o o

=

[EN 50174-2]

%@Qﬁ%
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Design rules
For electronic circuits and PCBs

(part )

Veéronique Beauvois, Ir.
2021-2022
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Why?

-Frequency is increasing (wireless, Bluetooth)
-Speed Is increasing (clock, Mbit/sec)

-t and t; are decreasing

-Components density is increasing (SMD)
-Tracks density /cm? Is Increasing

> Broadband spectrum interferences
PCB design (PCB design software!)

Copyright © 2021 Véronique Beauvois, ULg 53
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Protections classification:

 Primary: circuit design (decoupling, balanced configuration,
speed and bandwidth limitations) - PCB design and grounding,
« Secondary: external circuit interfaces, cabling (filtering),
connectors,

» Tertiary: full shielding (cost)

1 i
— 10 1 — 2

Copyright © 2021 Véronique Beauvois, ULg
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Circuit design and grounding
1st step: to take care of the division of the circuit
/
| /

Dig.1 | Supply An.2 1T

An. 1 1/0 Dig. 2
®
Ditferent ports are all To spot critical zones:
OVET t_he perimeter — - Sources (uP, video...)
S_h IeI(_jlng and  Ports — | _ victims (low level analogue...)
filtering

Copyright © 2021 Véronique Beauvois, ULg
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Circuit

design and grounding

Divided circuit

interfaces filtrees enceinte globale
o .
i
\ alimentation
\ non critique
circuit
critique
(numérique ou
analogique |
sensible) \
!‘,t
circuit non critique
pa==n
enceinte interne blindée 5.3

Copyright © 2021 Véronique Beauvois, ULg
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Circuit design and grounding

Divided circuit

[Switching
cell

Voltage
loop

Current
loop

" Auxiliary
power supply

Power
access

Copyright © 2021 Véronique Beauvois, ULg 57
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2nd step: Grounding

- do not confuse ground and earth (PE)

- grounding role: to give a reference for all connections
- low impedance track to send the current to the source
- low transfer impedance solutions

tube

goulotte chassis fils

p Zycroissante

Zr=Rg +jollg-M)

dépend du circuit et de la disposition de la mass !
.| - circuit du signal inductance mutuelle M T V=
— 1282 | 0.5(Vs+ Vin)

— YN siZg=2) >>27

EI Vinr=lem - Zr

o

— owepen:

Rg Lg " structure de masse 5

Copyright © 2021 Véronique Beauvois, ULg 58
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Circuit design and grounding

a) To suppress common
grounding Z (OK up to
some MHz, then Cp et
Ugy due to length of
links).

b) Similar circuits
linked together, noisy
circuits near
grounding point.

c) A lot of short
connections  (<0.11)
for digital circuits.

sorties/alim 3 -
I analogiquel | numérique forte puissance alimentation
= = =

a) point de masse unique

l analogique I

7

some faible pu:ssancEJ

numérique | | numérique
rome faible pu;ssance

)

some forte puissance
inductive
__/7/7/\_________T

b) point unique modifié

analogique
faible niveau

analogique
large bande

masse a points multiples dans les sections numenques

analogique
large bande

¢) masse hybride a points multiples

condensateurs de mise & la masse hybride

)

Copyright © 2021 Véronique Beauvois, ULg
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- 1 PCB side/ 1 side versus 2 sides

- Multi-layer PCB (ground plane)

- Reduce impedance

- Grounding track // and near signal track

- Grounding: grid or ground plane

- SMD (to reduce loop surface, length, PCB size)
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Circuit design and grounding
Track impedance

2 50
4-- 200 mV
10] 404 al(f) = 50 mA
i2i) o I 30
aBQ
.10 aBmV  ,,
Ol o
1k 10k 100k1 M1OM 1k 10k 100k1 M10M
V()
circuit équivalent d'une g — _
piste de cuivre de 100 mQ 60 nH
35 microns, Itf)
longueur 10 cm, ’
largeur 0,5 mm " 10 em -

inductance impédance

10cm approx. a 30 MHz
. * 60 nH 11,3 Q
0,5 mm 5cm -
* . 30 nH 5,6 Q
0,5 mm
e mama— 16 nH 3,0 Q
T 2mm
1em i ' " . 18 nH 34Q
0 0,5 mm 5.9
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{' Circuit design and grounding I_H%#)

Grid or meshed grounding

T
Une piste trés étroite vaut mieux que rien 5.10 s11

The number of return path for The comb configuration is
current to ground should be not a good solution.
Important to reduce L.

Tracks with width >>
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S détermine dans tous les cas
I'inductance globale de la boucle

pistes paralléles

pistes de part et
d’'autre de la platine

plan de masse sur la face

opposée de la platine, offre
un chemin de retour a

toute piste de l'autre cote

513
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N L )

courant
du signal
.
g retour du
W courant
.................. /. E ——
ceci n'est pas un plan de masse ! si la coupure est inévitable,
qu’elle soit au moins pontée -
5.14 par une piste courte

- Do not interrupt ground plane

- If this interruption is mandatory, add a bridge (as short as possible and
near the critical track)

- No slot in the ground plane (multi-layer is ideal).
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Design rules
For electronic circuits and PCBs

(part I1)

Veéronique Beauvois, Ir.
2021-2022
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t <> f

dent de scie

Harm. paires et impaires

trapeze
asymétrique

1 i
entrée entrée entrée
domaine domaine domaine
temporel temporel temporel i
. :1 Hs i 1ps i ! s
sinusoide carré
sortie sortie 4 sortie ¥
domaine des domaine des domaine des
fréquences fréquences fréquences
E ] E -
..‘ ; “”m. ‘
™~ - 4
(&) (@) (CJ
T T ) Ty Tty Y I
(K} 1 ['§ L "» [ B3 1 | e L] [} 1
Harm. impaires
15 1 1
entrée entrée entrée
domaine domaine domaine
temporet l temporel " tempore! /
\ e N . 1 1us trapéze . L
trapéze différentié
h h H
sortie sortie sortie
domaine des domaine des domaine des
fréquences fréquences fréquences
- ¥
-8 - -
by -
& S L
= [ X1 t ] [ e (X} 1 ] [ ] u [ ¥}

il

™
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amplitude de I'enveloppe
des harmoniques

20 dB/décade

40 dB/décade

amplitude en dB

‘-
.
L

N "m__
- -.‘
st g 8MHz, t,=5ns
W - e
-0+ ARS Tl
“. “--.

-254 ., te.,

154 .. o,
-30+4 S o

.,
L)

«w]  8MHz t=32ns .

“e
\“
~
~20q¢B
% o
-38 4 ‘A\ \ o
» ‘o,
A » '.‘4 .
-53 '.!‘_5.’ ‘.'-‘.

-804 ) N ‘

PR i L i d
L} T

Y

L T v :
(0% T I T T S Y | 2 1,2 2,4

i |
10MHz logf 100 MHz

0,4

b
) 6.2

How to choose the logic family?

)
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10 dB/div

t <> f

— 74HC244
e 74AC244
e 74F244
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Radiated emission of circuits

Differential mode
R.E.

aB | efficacité du rayonnement
+40 dB/décade

SR
-20 dB/décade ‘\1/
résonnance

de boucle

iveappe —40 dB/décade

du spectre
d'émission

\

i \
- émissions
- globales

F1 1/nt, log F

a) Differential mode radiation

U

Table 6.1

aB

Common mode
R.E.

efficacité du rayonnement
7 +20 dB/décade
enveloppe
du spectre
d'émission

.
L
a8
e
-
L
N §
>4

P \
\

.l/’ i ‘\
emissions
globales

F1 14, log F
b) Common mode radiation

ﬂ 6.4

Table 6.2
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D.M. ----> R.E. of PCB

émission rayonnée

courant lg boucle de surface A formée par
les pistes du signal et du retour

4.10

Loop = small if dimensions < A/4, means 1m @ 75MHz

IC loops could be considered as small up to some 100 MHz
Maximum E-field of this loop @ 10 m measurement distance:

E (V/Im) =263 x 101? x f(MHz)? x A(cm?) X I (MA) --->+40dB/dec

Copyright © 2021 Véronique Beauvois, ULg
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D.M. ----> R.E. of PCB

According to:
E (V/m) =263 x 10-*? x f(MHz)? x A(cm?) X I (mA) --->40 dB/dec

Question: this PCB needs or not an additional shielding?

A=10 cm? ; 1s=20 mA and f=50 MHz

E=42 dBuV/m means 12dB over the limit in class B

So if current | and frequency f are fixed, A could not be reduced, a
shielding is necessary.
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dynamic commutation
current / component
to charge or discharge
the capacitor

oo cMora 5V " 4.01 6 1000 400 - -
74HC 6 20 45 18 6 -
74LS 6 50 18 7.2 2,4 .
74ALS 35 | 50 10 4 1,4 0,4
74AC 3 80 55 2,2 0,75 0,25
74F 3 80 5,5 2,2 0,75 0,25
74AS 1,4 | 120 2V 0,8 0,3 0,15 |

A/'

Surface de boucle pour 30 dBuV/m 30 MHz - 230 MHz, 37 dBuV/m 230 MHz -
1000 MHza 10 m

T~

Limit EN 55022 cl.B

\
Utilisation : prenons I'exemple de la famille 74ALS avec Fex = 30 MHz. ~ Dim
Le cas le plus défavorable est & 150 MHz (5¢me harmonique) ~ )
case

L'analyse de Fourier de la source de courant, en utilisant la section C.7 avec
(t+1)/T=05;T=333ns;t=35nset|=50 mA, donne 3,83 mA pour Is)s
le courant du cinquiéme harmonique.

De I'équation (4.6), pour un champ E de 30 dBpV/m et |5, comme ci-dessus a 150 MHz, la

surface de boucle admissible est de 1,395 cm? (arrondi & 1,4 dans le tableau).

Shieldin
. TSP ) —otlle g
Tableau 6.1 — Emission en mode différentiel : surface maximale permise. + fil tering
Copyright © 2021 Véronique Beauvois, ULg 792
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C.M.----> R.E. of PCB

cable

Cab | e | en gth connexion de masse

possible par la capacité

resonance @30-100MHz  rparasite

||| émission rayonnée

/" tension de bruit de masse Vyy |
N . plan de masse

Y Y //',:// TSI SIS

A

%7 G coura pde commun |,
” tension de bruit de masse Vy, @ AL
4.11

E (V/m)=1,26 x 104 x f(MHz) x L(m) X l,c (MA)
If the cable is represented by a short monopole (L<A/4) @ 10m of the ground
e.g. Im of cabling, E = 42dBuV/m, then Is = 20pA (/1000#1,,5)

)
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C.M.----> R.E. of PCB

¢ (,!

)

émission rayonnée

'\' \/

CM voltage to cabl

(between reference

i b 1 distance 0,5 mm i B ,
— p L AI I._( b I
4 Y\ {)f*
-20dB tension Vi produite
LT sur la longueur libre

e, Al on ground path

Differential noise voltage V, = Al.jo.L

ground and cable connection)

Z ~ 150Q2 (constant with f)

lop = V/150Q

6.5
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| 4000BCMOS a5V
74HC 6 20 8,5 3.2 1 8
74LS 6 50 3,25 1,3 0,45 =
74ALS 3,5 50 1,9 0,75 0,25 0,08
74AC 3 80 1 0,4 0,14 0,05
74F 3 80 1 0,4 0,14 0,05
74AS 1,4 120 |_ 0,4 0.15 0,05 -

/

Longueur de piste autorisée pour 30 dBuV/m 30 MHz - 230 MHz, 37 dBpV/m 230 MHz -
1000 MHz 2 10 m ;

longueur du cable = 1 m ; agencement : pistes paraligles de 0,5 mm distantes de 0,5 mm
(2,8 nH/cm).

Limit 55022 cl.B

Utilisation : prenons par exemple la famille 74HC avec Fox = 10 MHz. Le cas le plus
défavorable est & 90 MHz (9éme harmonique).

A partir de I'équation (4.7), pour une intensité de champ E de 30 dBuV/m et 1 m de cable,
Icm doit étre égal a 2,8 pA.

Selon Vy = Igy X 150, avec I'atténuation de couplage de 20 dB, Vn=4,18mV,

Lanalyse de Fourier de la source de courant, en utilisant la section C.7 avec {t+t)/T=05;
T=100ns ;t =6 ns et =20 mA, donne 0,826 mA pour lo): & courant du neuvieme
harmonique.

Ensuite, suivant L = V\/27fl(9), linductance aux bornes de laquelle on peut admettre Vy &
lg) €t 90 MHz est de 8,95 nH, soit 3,19 cm autorisés a 2,8 nH/cm.

Tableau 6.2 — Emissions en mode commun : longueur de piste admissible.
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R.E. - Comparaison CM / DM

dBuV/m
B0 e e e e
mode commun EN 55 022 classe A
+ T 3 *
PO I (dominant) _ * « . ) ... ———ee
+
* .‘4‘.*
+ " * ”~
. t Yt 0400,4 + V]
o [--mmmmmmmmmmemeemceeees S e ::---,-:---_Sd.’!ﬁ;-
+ vt * “0 3
¥
mode différentiel it ¢
+
Ol v T LA N B B B A | T UIIII?I'
10 100 MHz 1000

For the same signal in DM or CM

trapezoidal @12MHz, with t, and t; 3.5ns

CM Ipk 0.1mA in cable, with L 2m

DM 20mA in a loop of 5cm?

E (V/m) =263 x 101? x f(MHz)? x A(cm?) X I (MA) loop-IC

E (V/m)=1,26 x 104 x f(MHz) x L(m) X l,,c (mA) antenna-cable
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R.E. > main source processor clock

Chase AES 5.00 [ Notes |

Analyse Board 1 with 1lm ribbon cable, horizontal 14:26:21 08/31/94

Test: Comb gen Class B Radiated Emissions 30-500MHz
80 .

RF level -
dBuV/m
70 :
Board 1 with i
CISPR : :
60 4 v 1
Clock @40MHz., . , .
30
' [ LA
20 N ! 4G
—adl
10
i % ) i
0 : i : !
100 200 300 400 500
Linear Frequency ( 30 - 500) MHz Limit EN 55022

Commercial standards: no difference between N.B. and B.B.
- To reduce N.B. with buffer on lines and take care of ground plane.
- To reduce B.B. sources on data lines, video...
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