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The Physical Basis of EMC



  
  
  
  

  
  
  
 ε  

  
  
  

  
  

  
  
  
  
  

  
  
  
 λ  
  

  
  

  
  

  
  
  

  
  

  
  
  
  

  
  

  
  
  

  



  
  
  
  
  
  

  
  

  
  
  
  

 inside  
  

  
  
  
  
  
  

  
  
  

  
  
  
  
  
  
  

  
  

  

visualised



semi

direct

are are

the reasons why these techniques work so well

visualise



Principle of Reciprocity



Skin Effect Surface Currents
directly through

thickness

make
naturally prefers to take it



why why



vλ



λ f

λ f f

λ f v f λ
v f λ

v ε

ε

π
ε π

relative

ε ε

ε
πf πf

Ω

whenever
always



ε

ε
whenever always

÷ ε ε Ω 
ε

π  Ω Ω
ε

π ε  Ω 
Ω

ε v
v ε ε

ε
v

ε
v ε

ε v λ f
ε

v
λ

λ
λ

λ

λ



λ
λ π.

λ
λ, 



λ π

λ π.
λ π

λ π.

λλ

Ω

Ω

λ π



λ π

intrinsic
extrinsic

f

δ



inside

δ
e δ π f σ σ

e
δ f f δ δ

e

δ

δ



intrinsic

extrinsic

intrinsic

ε intrinsic
extrinsic extrinsic



f π

λ

λ

λ v



v

λ

λ

λ
and for the impedances of the driver and the load

Ω
Ω

λ

type both

intentional



increased t

v·l l

l

l ε
ε

Ω

Ω 
Z0

l

Z0

l

Ω

∞ Ω 



v·m m

m

m ε

λ

λ

 Ω



l
m l m

l m m l
l = m

f = √ l m

l m

l ml m

l m

l ml m

l m



v l m ε l m

Ω

v l m n ε l m n l
m n

l m n

l m nl m n

f = √ l m n

l, m n







Z0



λ

λ

λ λ



λ



originaloriginal 









Z0

λλ





Far field conditions apply



λ

(f 2· · )/

λ

(f · · )/

Where:
f
λ



λ

(f · · )
λ , λ π 

any
λ f

λ

(f · · )
λ , λ π

λ f
Where:

f
λ

λ

λ , λ

λ f
λ

π λ 

λ , λ π
any
λ f

λ 

very



always always

name



always

π f  Ω   f



can’t

assume 



guarantees

really need to know

absolutely vital



ICOUPLED = dVSIGNAL/dt

π f
λ

π f Ω         f
dV/dt

VSIGNAL

current 

INOISE







VCOUPLED = dISIGNAL/dt

π f λ

π·f· Ω         
f dI/dt

except

ISIGNAL

voltage

VNOISE



increase



MSTRAY CSTRAY

and

and







≠ ≠ ≠
exactly ≠ 



λ

f 2·A·I
f ·L·I

f A L
I

f



•
•

•

•

•

• Ω
Ω

•

Ω Ω



λ
f f

λ
f

f

λ
f

impedance
resistance

λ

Ω Ω

resistance



λ
f



f f

terribly

I0
H

I(d)

dd

I0I(d) = π H 1+(D/H)2

I0

πH

I(d)

I(d)





linear

Ω

Ω









f
f

f f
f

f

f f

f f
f f

f f f f1

f f f f f f

f f f f f f f f f f f
f f f f f f f

f1f1
f2f2

f1+f2f1+f2f2f2--f1f1
2f22f2--f1f12f12f1--f2f2

2f22f22f12f1



therefore totally immune to 
all EMI



inside the very circuits that we protected

any

f
f f

f

could not possibly be true



inside

inside

Assumptions:

Outcomes:

Most probable maximum investment: $1.55m

Most probable overall value generated: $2million

Assumptions:

Outcomes:

Most probable maximum investment: $1.55m

Most probable overall value generated: $2million

not using



Assumptions:

Outcomes:

Most probable maximum investment: $1.05m
Overall value generated (sales – investment): between $3.9m and $2.9
Most probable overall value generated: $3.45 million

Assumptions:

Outcomes:

Most probable maximum investment: $1.05m
Overall value generated (sales – investment): between $3.9m and $2.9
Most probable overall value generated: $3.45 million

not using

everything

everything



possibly







continuous











•

•

•



•
•

•

•





•

•



•

•



•

•

•



•

•

•






