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Direct modelling or  
Equivalent methods 

 
 

3D EM simulation of mixed analog / digital PCB  

modeling 
time 

running 
time 

memory 
required 

1 week 10 h 3 GB 

Difficulties 
unrealistic computational resources 
and time due to increasingly complex 
circuit structure 
unknown characteristics of the circuit 
confidential reasons 



3 3 3 IC 1407 ACCREDIT 

Equivalent modelling 
 

1. To find an efficient equivalent 
configuration to represent the PCB  

 
 - not modeling the complete complexity of PCBs 

 - representing the radiations by equivalent sources 

 - fast and computationally low-cost 

 - general for radiators at printed board level 

EM emissions 

PCB 
(no information on circuit structure) 

? 
Equivalent model 

......iH JH JJ
?

2. Simple formulation  
3. Interactions with packages  Enclosure 

? 
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Near Field Scanning 
 

 
Popular technique for providing EM fields closely surrounding DUTs 

Radiating 

NF FF 

Antenna 
FFT transformation 

NF – FF transformation  

measurement 
surface 

Radiating 
NF 

Real/equivalent 
source 

Reactive 

NF 

algorith
m 

Source model from NF 

measurement 
surface 
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Mixed signal PCBs radiate across a broad frequency 
range with a range of correlated and uncorrelated 
signals 
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Correlation spectrum 
 

 
*

1 2 1 2 1 2
1, , , , , ,

2limj
H h T T

T
x x c x x e d x x

T
H H

The spectral magnetic energy density is then 

, , ,
2H HW x x x
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Correlation function 
 

 ,,
0T
x t for T t Tx t for t T

hh

The correlation function: 

1 2 1 2
1, , , ,

2limh T
T

c x x x t x t dt
T

h h

Obtained from the FT of the correlation function or the 
FT of the windowed magnetic field HT(x,ω) through an 
ensemble average,  
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Measurement 

 

Measuring probe 1 
(Scanning) 

To receiver B 

Measuring probe 2 
(Scanning) 

To receiver A 

Experimentally we obtain                  using the two probe 
arrangement below, 

, ,H r r

Then by inverting: 
1 * 1,, , , ,HMC r r r rr
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Procedure 
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Fields in momentum space 
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Correlation in momentum space 
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Wigner distribution function 
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Properties of WDF 
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Transport of WDF for waves 
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Linearization 
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Next (third-) order 
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Frobenius-Perron equation 
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Evanescent waves 
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Back to correlation function 
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Connection with Zernike’s theorem 
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Near-field correlation function:  
Gauss-Schell moded 
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Propagation of  correlation functions  
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Evanescent component 
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Full wave validation 
Cable driven by random voltages 
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Full wave validation 
Near-field distribution 
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Full wave validation 
Far-field distribution 
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Wigner distribution functions  
in reflecting environments 
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Wigner distribution functions  
in reflecting environments 
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Numerical results 
in reflecting environments 
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Complex source in a 
Closed-environments 
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Correlation Tensor 
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Conclusion 
 

• Problem of radiation from complex 
sources 

• Evaluation of field to field correlation in 
phase space 

• Propagation conveniently described as 
transformation  of Wigner functions 

• Example near homogeneous, partially 
coherent source 

• Transport of Wigner functions as in billiard 
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Questions? 
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