X X

NTUO"EMCTab

Shielding




X X

NTUO"EMCTab

Introduction
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Concept of shielding
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AGURE 11,1 [llustration of the use of a shielded enclosure: (a) to contain radiated
emissions and (b) to exclude radiated emissions.




X X

NTUO"EMCTab

Va
U
Shield L ,
s
/f fl
I w -
AT A
/ (P Internal
electronics
Wire I
(cable) E
-—

’/smew

to shield
; T
— ) 1
g~

(b}
Electronics card
\
A\
S E———
Is N _4%.
Is
(e)

FIGURE 11.2 Important practical considerations that seriously degrade shielding
effectiveness: (a) penetration of an enclosure by a cable allowing direct entry of external
fields; (b) pigtail termination of a cable shield at the entry point to a shielded enclosure;
(c) termination of a cable shield to a noisy point causing the shield to radiate.



X X

NTUO"EMCTLCab

A |
e i For E field

5 4/ |
)%_. Pl I S.E.— 20l0g =

E

i
o For H field

e e e o

0 =0
v e { ‘ | ‘

FIGURE 114 Tllustration of the shielding effectiveness of a conducting barrier to a S ' E' | 20 Iog
normal-incidence uniform plane wave. t

Do they be equal ?
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Shielding of a metal shield (theory)
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Ié.- £ . ‘ It depends.
A i )_% For plane wave, they are equal

/ E 4 Mo

- | . 2 But for near field, they are not.
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FIGURE 114 Tllustration of the shielding effectiveness of a conducting barrier to a
normal-incidence uniform plane wave.
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oo mM/*7 1. Plane wave assumption

Ig, % 2. Continuity of E and H at each boundary

FIGURE 114 Tllustration of the shielding effectiveness of a conducting barrier to a
normal-incidence uniform plane wave.
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* 11.1 Shielding effectiveness. (S.E.)
a. Definition

(1) for electric firld : S.E.=20-log|—

t

(2) for magnetic field : S.E.=20-log >

note:
1. If the incident field is an uniform plane wave,and the medium on

each side of the barrier are identical, (1) and (2) definitions are
identical.

2. For near fields and/or different medium, (1) and (2) are not
equivalent.

3. Definition (1) (for E field) is taken as standard for 2 case.



C. Causes of shield

(1) Re flection.
(2) Absorption: e («
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(3)Multiple reflection
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Note: (1) &(2) will increase the S.E. of the barrier,but (3) will decrease

the S.E. of barrier.

S.E., =

Rie + A + Mg
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- 11.2 Shielding effectiveness: far field sources

C11.2.1. Exact solution

(1) For plane wave:

N

-Ei — Ei e'j,BOZ éX

T

N

Er = Er e'jﬁoz éx

Hr = -E/Xe_jﬁoz a
o

Iéi/ 1502 A
i = xe 0" a
Mo y

X

A
EH) i~

W/
(1)

i




H 1 = 1770 X e rZ éy Where
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Exact solution
(2) éi IS known, and to determine the remaining amplitudes.
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Er,E1,E2,and Et.



C:> atZ=0 Ej + Er = E1 + E2 Ei + Er

Hi + Hr =HL+Hp =4 E°r _ELF2
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< exact solution. where 6 =1/a, a+ jf =y in barrier metal.



QY (4) simplifications:

1. assume the barrier is a 'good conductor".
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n,+1
2. skin depth 6 << barrier thickness t.
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4GP N 77, Y5
(S SE. = 20 |Og10 + 20 |Ogloe + MdB'

dB A
4n
PS.. 20 log, 77°A :R_, 20 log,_ ez LA
4n
(6) The Multiple - reflection term is the middle term of (3).
/ N VAN \2
- -2t .
M,_ = 20 log| 1- 70 TZ WOST
\ 1Mo+ 1 )
2t/ -j2t
~ 20 log 1-e4e 4 ~ 0 (< ift > 9)
1
where o = # = — for good conductor.
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‘\11.2.2 Approximate solution

Assumption: (1) 7 << 7, (a good conductor)
(2) t > 6
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QL2(3) In the absence of attenuation

XX

:[J’//é‘% C‘iab
AE — I/E\t . Ifl —_ 4770772 the same as exact solution.
Ei E1 E (770+ﬁ)
A o +) | _
_ Bl _ o™
(4) Rig = 20 log,, | 20 log B ﬁ ~ 20 log|-0 i
n << 1,

Note: The transimission coefficient is very small

21 _, 0| at the Boundary 1,and is approximately 2
77"'770

at the Boundary 2.
~.very little of E field is transmitted through the B.1.
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2. But primary transmission of H field occurs at the boundary 1,whereas
the primary transmission of the E field occurs at the boundary 2.

3. It means that "thick" boundary has more effect on shielding against H
field than to the E field.

C. Absorption loss

E. is attenuated in the conductor.
.. Absorption factor

A=ef = Az =20log e’s
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d. Multiple Reflection Loss

N

#® When t >>0 the multiple reflection loss may be important.
# (1) for magnetic field
1.

1
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. The reflected wave is

I'.e"H. <« atboundary1l
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I.’e®"H, <« atboundary 2
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Ht :Ht1+Ht2+Ht3+"°

Al (e P (roe ) +) et (roe)=a
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§11.3 Shielding effectiveness - near field sources

\V

a. In the far field:

(1)E, and H ; are orthogonal

(2)56/4¢ - s

(3)d >34,
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# b. Near field for Hertzian dipole
(1)
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(3) s « electric dipole is a high

Impedance source




A
Y

# C. Near field for magnetic dipole (loop)

(1)
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(8)
Ey | near field . far field
H¢ | < magnetic dipole is a low

Impedance source in the
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near field
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“d. Reflection loss for Electric source

- (1) we know for plane wave reaf Te
- S
R =20log="
dB 9 3 !
~\2 —
(2)=20log 10 +11) ~ 20log| 70
4no17 47
using Z, ;_JZTO_) 7,
Z o,
-. Rz =20log|— e 322+1OIog[ rfB"ZJ
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Shielding of a metal shield (Near Field)
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(b) Magnetic loop

FIGURE 11.10 Wave impedance of (a) the electric (Hertzian) dipole and (b) the magnetic
(loop) dipole.



Shielding of a metal shield (Near Field)

_63

REFLECTION LOSS (dB)

300

250

200

150

100

50

0

—

ELECTRIC FIELD

r=30

MAGNETIC FIELD
r=30

r=1

PLANE WAVE

ELECTRIC FIELD

r=DISTANCE FROM SOURCE
TO SHIELD (METERS)

I

|
' l
| 300x106 |
| 2nr |
e R
I

MAGNETIC FIELD
r=1
47 s
Sy
l = | (L | 1
0.1 kHz 1.0 kHz 10 kH2 100 kHz 1.0 MHz 10 MH z 100 MHz

FREQUENCY

FIGURE 11.11  Reflection loss of near-field electric and magnetic sources [3].

For electric dipole
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) Shielding of a metal shield (Near Field)
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FIGURE 11.11  Reflection loss of near-field electric and magnetic sources [3]. flEId?
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Shielding effectiveness of thin copper sheet, dB

incident electromagnetic wave \ e
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An example of S.E. for copper plate

g ff’/ Absorption loss A

Reflection loss R

o, Re-reflection loss B
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.......... Absorption loss
E22223
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Figure 7.33 Shielding effectiveness versus frequency for copper sheet
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Low Frequency, Magnetic Shielding

Two approaches
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(a)
FIGURE 11.12 Two important methods of shielding against low-frequency magnetic
fields: (a) using a highly permeable ferromagnetic material to divert the magnetic field;
(b) using “bands”™ to generate an opposing magnetic field.
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) Low Frequency, Magnetic Shielding

Two factors that may degrade the
ferromagnetic material:

1. Increasing frequency.

2. Increasing the field strength.

er than 4KHz, the u is the same
the steel

That’s why we use the steel as
The magnetic shielding material for
Switch-mode Power Supply (20-100KH:z
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Low Frequency, Magnetic Shielding

A
N

Phenomenon of the saturation of ferromagnetic materials

B .
4 Slopefw\p,/\ — saturation

When increase the H-field

e

H~ NI
(a)
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Low Frequency, Magnetic Shielding

A
N

Solution: Using multi-layer to reduce the effect of the saturation

H £ /
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Low u,, High .,
high saturation low saturation

(b)



The effect of aperture

N

L/

The simplest formula

SE =20log A
2d

The modified formula

Ex: 20dB SE for 1GHz
then, d < 1.6cm

In practice, the S.E. is limited by the necessary apertures and discontinuities.

NTOEMe tab

SE(dB) = 100 - 20l0g[dmmFuuzl + 20log(1 + In(d/h)]  (for d s A/2, >> thickness)
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Figure 7.34 Shiclding effectiveness degradation due to apertures



The effect of mesh and Honeycomb

L/

N

non-conductive shaft

SE can reach 100dB
Why ?

/

A = 20log(\2d) - 20log Vn
for edge-to-edge spacing < N2, > t

Figure 7.37 Mesh panels and the waveguide below cut-off
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The effect of Seams

N
¥

Poor fasteners make electrical contact Bettel‘

No electrical contact across butt-joint ggc)r contact along seam
tween fasteners

Dimension "d" determines shielding effectiveness, modified by seam gap “h”

Figure 7.38 Seams between enclosure panels

Best

Y]
2 | RRRSAK & 3
. s RER 2 ]
q—_‘-—d \—— conductive surfaces ]

conductive gasket against
R conductive surfaces

Figure 7.39 Cross sections of joints for good conductivity
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Which one is better?

Figure 7.40 Current loop versus aperture orientation

By this trick, the SE can be improved up to 10dB
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overlap

source track and current

Figure 7.41 Image plane under a PCB



Enclosure resonance

N

maximum surface current

at resonances
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" Field standing waves

within enclosure at
resonances

notches in S.E. at resonances

Figure 7.42 Resonances degrade shielding effectiveness

F =1504/(k /1)2+(m/h)? +(n/w)? MHz

F~ 212/1 ~ 212/h ~ 212/w for equal square enclosure

v A\ >, ~ F
7 N\ \
Shielding
effectiveness
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Gasket and Contact Strip

N
\J

i ﬁ ‘ i h a) conductive elastomer
gaskets

é knitted wire meshor
: spiral metal strip ;
: non-conductive
i elastomer

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

adhesive, ;
weld or solder
b) beryllium copper
finger strip
é [
clip fixing ‘ | l Ij \

| wiping contact

Figure 7.43 Usage of gaskets and finger strip
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Choosing concern:
1. Conductivity
2. Ease of mounting




Measurement of SE
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1.5m

Method 1: EN50147-1
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(1)Plane wave case: connector taper
A

S.6.

S.E.=201log

(Dremove. .
(2)General case Do
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sample coaxial transmission line
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Measurement of SE

N

Method two: Coaxial transmission line model

Fig. 2. Coniicasoas-comdscor coaxial iramsmesion-line hiddor



