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EMI-SHIELDING

 EMI - Electromagnetic Interference
« EMC — Electromagnetic Compatibility

e FCC
- emissions

« EMC —directives
-emissions, immunity



Near and far field

The far field as a magnetic and electronic component of equal impact but

in the near field one of these dominates

E Electric field
predominant
) Frequency Al2r
.E 60 Hz 795 km
£ 1000 + Plane wave 3 kHz 15915 m |
E Z,=377Q 7 30 kHz 1,591.5m |
= ; : 300 kHz 159.1m
E. ) 3 MHz 15.9 m
£ ; 30 MHz 1.59 m !
o 100} : 300MHz [ 15.9¢cm
© - E 900 MHz 5.30 cm
= ’ Magnetic field 3 GHz 1.59 cm
predominant | 30 GHz 1.59 mm
10 Lo - - : -
0.05 0.1 1.0 5.0
« Near field ple— Far field —>

Distance from source, normalized to A/2n



Shielding effectiveness SE

o SE is the ratio of illuminating and penetrating intensities in dB
» Generally considered as reflection (R), absorption (A) and internal

reflections
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Shielding against electric fields

* A conductive layer between
circuits

 Low capacitance towards the
protective earth




BE AWARE OF THIS !

Suojakotelo kiinnitetty painetun piirin
maatasoon. Maatasossa kulkee virta |
Suojakotelon sisaan syntyy héiritseva
sdahkokentts.
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impedanssin Z yli jannitteen U.
Jannitettd U vastaava sahkékentts E
syntyy suojakotelon sisaan.



Shielding against a magnetic field
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e a good conducting layer, no
grounding

 Ferromagnetic materials (
steels, u)

e Super conductors

e Combinations




A comparison of some metals

o Applies to electric fields, magnetic fields,

m
o

Field strength |
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 Thin materials prowde effectlve absorption
losses at high frequencies

« Skin depth (8): = Vzmc

— Distance needed for wave to be attenuated to 37%
of its original strength

— Varies with material and frequency
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Frequency [ &, copper | &, aluminum | 8, sieel || 8, mumetal

60 Hz 0.335 0.429 | 0.034 0.019

100 Hz 0.260 0.333 0.026 0.011

\ 1 kHz 0.082 0.105 0.008 0.003
3 10 kHz 0.026 0.033 0.003 —
_x ; 100 kHz 0.008 0.011 0.0008 e
i\\\x 1 MHz 0.003 0.003 0.0003 a—
: i ] 10 MHz 0.0008 0.001 0.0001 -
100 MHz 0.000286 0.0003 0.00008 —
i1GHz 0.00008 0.0001 0.00004 - -

Thicknesses in inches

Shle!dmg materlal that is one skin depth thick (t/6 = 1) provides approximately
9 dB of absorption loss; doubling the thickness doubles the dB loss

f = frequency (H2), n= permeability (H/in), o = conductivity (mhof/in), t = thickness (in),

1y = relative permeability (free space), o, = relative conductivity (copper)



Openings and holes
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... continued

Suorakulmainen aukko Hunajakennosuoja
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Conclusions

We have to know what has to be protected and which is the threat
Multilayer solutions tend to give good results

Improper feedthroughs spoil the result

Conductivity of joints must be guaranteed



Thermal

Issues and cooling

Conduction through a solid
or a stationary fluid

Convection from a surface

- {0 & moving fluid

Net radiation heat exchangs
hetween two surfaces




Convection cooling

Air Exfiaust




Thermal conduction and radiation

0

equiv
Junction
Silicon Tiunction
Conductive epoxy /o7

Copper

Tcase

=0,+0,+6;+0,+---+0y

T]’unction
T2

T3

6, = thermal resistance of die

8, = thermal resistance of die attach

8, = thermal resistance of substrate

8, = thermal resistance of substrate attach
85 = thermal resistance of package

T; = junction temperature

T..se = Case temperature



TDP

 Thermal Design

Power = power P — CV2 f

consumed

e Controlling the supply
voltage or clock T e max — Vexternal
TDP = externa

frequency 0

die—external

e Chip architecture



Temperature and mechanical strength

 Joints on printed circuit boards

« Components, enclosures

+ Stability of EMC



Stack factor

Design Characteristics

Device Area &7
Total area of all bare die in the product
PCB Area £
Total 1-sided area of PCB’s

Product Area IEEEEED’ 3 WS '

Product Length x Product Width (when product is “folded”)

Electronic Packaging Metrics

m
PCB T li’ 4 Device Area
n@f;f ; ng EI'IS;.It.y Gy o wQCB Area
' ¥ [)ewce Area
Product 'T:Img Denmty = Product Area. :
J-‘ e giEe T Esf i PCBINraa £/
Stack Factnr : _f-ﬁ i m

Figure 6.25 Stack factor.
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