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Motivation
» PCB as multi-input / multi-output DUT
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Motivation

e 2-point scanning system
of EMI sources

* Digital oscilloscope * Vector network analyzer
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Motivation

E-field

AXISs x

Frequency

v" We will concentrate on the localization of traces on the surface of
the PCB. The reason is that such type of source can be used as a
model of the information bearing signal transmitting between
spatially separated blocks of the electronic device through
transmission lines along the surface of PCB or some bus interface.
The accurate localization and parameter estimation of such source
could significantly improve the validity of the F-F spatial
distribution of the information bearing EMI pattern.
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Motivation

v' For the computation of the F-F EM radiation and for the
recovering of the mput electric current densities on the surface of
the DUT 1t 1s sufficient to measure H -fields at the knots of the
periodic array in the observation plane.

 H -field * Map of dipoles
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haracterization of stochastic
EM radiated emission
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Characterization of stochastic
EM radiated emission

» Near-field received signal
y(e)=x(e) + wlt)= zsw) &)+ zs<rT> )+ w()

* PAM signal s,(t,T)= Zan-S(t—n-Ti)
* PPM signal s, (t,T;)= ZS(t—n-Ti—rn)
n=—00
M m
b .
« Impulse response g(t)=1L774- P+K+z"}\,0 = pn , M <N
0% P
« Additive noise w(t)e N(0,0,)

IC 1407 ACCREDIT

DRESDEN, AUGUST 16-22




Characterization of stochastic
EM radiated emission

» Cyclo WSS process

v The discrete-time WSS process converted into the continuous-
time random signal by its transition through the LTI dynamic
system characterizing by the impulse response g(¢) which duration
in general could be more then interval T of the initial WSS

Pprocess.
* Generalized « LTI system e EMI
information signal
Zan°6(t_nT_Tn) Impulse Zan'g(t_nT_Tn)

e response g( ¢ ) e
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Characterization of stochastic
EM radiated emission

v’ The binary information signal consists of two possible outcomes
“1” and “0”. A discrete Bernoulli distribution can represent it by
assuming of two corresponding probabilities:

P{l}=p; P{0j=1-p=gq

v  Another important feature of the information signal is the
synchronization by a clock generator with a repetition rate 1/7.

* Clock signal

N
t
o N__ /717~
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Characterization of stochastic
EM radiated emission

* Information signal * Impulse response * Received signal
T
TT T T )t Equivalent LTI / \ /\ /\ i
07T2T ... System vy

v' To transmit information between separate devices it must be
converted into a continuous signal, which can be measured in the
observation plane due to the radiation of its common mode. This
stochastic signal exhibits the properties of the cyclo WSS process.
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Characterization of stochastic
EM radiated emission

» Order of cyclo WSS process

Ni-M,

e Periodic mean value E{x(}= >.C (t.7;)
k=1
. Ny-M,
e Periodic mean power  E{x*(0)}= Y.C,(t.T;)
k=1

where Cl,z(t,T): Ay+D A, -cos (27[%1 + 6’,7]
n=l1
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Characterization of stochastic
EM radiated emission

» EMI
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Characterization of stochastic
EM radiated emission

» EMI
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Characterization of stochastic
EM radiated emission

> EMI > EMI
15t order CWSS 21d grder CWSS

Output signal Output signal

Voltage
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Non-parametric estimation of
stochastic EMI sources

» Direct » Model-Based
Reconstruction Approach
. . Near-Field Region
Near-Fle}d Region i' i >.
O s I L E(7)
| o E(I’) | Qo
Radiated Ay i§ ﬁ(ﬁ) Radiated %Eof./l/v i% H(F)
adiate | r & |
stmetwre | |12 C" Stmeture 27 1
| B I~} 1 Q
Bav) =) =
) @ oo
B | : 5
| D ><Dy lllx xLy :
v" Angular limitations v" The adequate model is need
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Non-parametric estimation of
stochastic EMI sources

Field distribution:
H(x,yz=d)

Planar sources: .
Scanning step: A, _~

p(x,yz=0)
Sampling interval: 5 A7

A~

Observation plane:
N xN, grid

Object plane:
M xM, grid

Distance
between
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Non-parametric estimation of
stochastic EMI sources

v" Nonparametric estimation of stochastic EMI sources produces the
dipole moment parameters for all knots of the mesh 1n the object
plane of the electronic device. The main topic of our research was
to reconstruct the geometry of transmission lines designated for
transferring the information signal between separated blocks of
the electronic device.

| [ MMy - jlkr+21f7 ;) 1
HF)=Ild ¥ | Jk+—|Al,

j=1 4 ’j
MM, e—j(krj+27y”rj) |
H (F)=-1-|d- k+— |- Al
y (I") [ ]Z:; 4727"]2 (] I"j \J xj :|
b= I- Al{x’y}
{an} ]272.](‘
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Non-parametric estimation of
stochastic EMI sources

v" The relations between the measured complex amplitudes of the
tangential harmonic magnetic fields in the observation plane and
the complex amplitude of the current are defined in accordance
with the electric dipole model

v" The complex amplitudes of the cross correlation spectra could be
expressed by the following matrix expression

W, =H,-H,, =[G,]-py - Ho, =[A\] Py W, =Hy-Hp, =[A]- Py

v" Obtained parameters of dipole moments in the object plane
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Non-parametric estimation of
stochastic EMI sources

> Cross-correlation Estimation

. N-1
* Complex amplitude Ik 1 HEk — 27 ft,
) S =— H: (t)-¢ mni=1,2,.... N_ XN
of scanning probe OON nZ:%)W” 7 (0) : )
* Complex amplitude a1 k —j2rfopt
Hy=— -Hy(t,) e mn
of reference probe "7 N nzz;‘)wn 0 (fy)
e Time samples t,=n-t,n=0,1,..,N-1
*  Weighting coefficients of time window Wn
m
» Frequencies I = 7= 0,1,2,...
1
* Cross-correlation coefficients W; = I%
_ —Jjkr;j
° 1 Gi . — 272' m "
Complex coefficients J=J2r), drr,
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Non-parametric estimation of
stochastic EMI sources

» Reconstruction of Dipole Moments

Singular value decomposition [A]=[U]- [diag(al. )] V]

Tikhonov regularization  p, =arg{min[(|[[A]-p—W L)+ 2(Ipl)" 1} =[VIEL [U]"-W

. o’ 1
where (2]} = {dlag{ﬁ : —H

o +4 o,

L-curve Method A mfx{curv(IOgH[A] Py WHz,longﬂuz)}
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Non-parametric estimation of
stochastic EMI sources

* Typical L-curve for an ill-posed problem
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Parametric identification of
stochastic EMI sources

v' The distributed multi-dipole model of the EMI source consists of
the linked together electric dipoles characterized by dipole
moments for some predefined frequency of the harmonic current
flowing through the transmission line.

Reference
Dipole, / 47 P(x.y.2) *  Model Parameters
\\\ I » Vo
N -
— 4 1M, o ( AZSJ  s-th dipole orientation vector
~—— ~—__ 5 —
X T —~ | s ) current delay in s-th dipole
- 1 1]5
Mx:/ :\\: s=1,2,...0rder Order <(M ,xM )
. O . \\\
Vet P

1
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Parametric identification of
stochastic EMI sources

v' Parametric identification procedure allows significantly reduce the
number of the effective dipoles and linking them to form the
geometry of the distributed stochastic EMI source.

Space frequency-domain MxM, - j27z[;jv+l);jyj _ _
Glv,u|= . (x.,v.,2=0)-¢ VS =Flv,ul+ Nlv,
model of planar sources V] ]Z:; P:(%;,2=0) o Ny

2
Order 27[ s d y

Flv,ul= Za ‘€ xv- —Zas Z, 'z,

v=01..M_ -1
U= 0,1,...My -1

where
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Parametric identification of
stochastic EMI sources

D], [P}, -+ [Dly
D 1 D 2 D M —L+1
Data Matrix M[D]JI = [ :] [ :] .. [ ] :x ) L< Agx
D], [D], - [D]Mx—l
Gv,0] G - Glv,M, -J]
Glvll] Gv2] - Gv,.M —J+1] M
where [D], = : : : g ,J < Ty
Glv,J-1] G[v,J] -  Glv,M, ~1]
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Singular Values

S

)

Parametric identification of
stochastic EMI sources

» Model Order Selection

v' The appropriate number of sources can be chosen using the
information criteria such as Akaike information criterion (AIC) or
Minimum Description Length (MDL) criterion. The general form

of any information criteria looks as follows:
Order = arg {min[-21n(L, (D,®))+ (k) £ (N, k)]}

* Singular Value Decomposition

e Information Criterion

= 0
S
6 9
<
Gnoise 2'4()0'
2 — — — e § mln(IC)
. = J
Q
2343567800112 ST 3 4567 89 101112

Number Model Order
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Parametric identification of
stochastic EMI sources

Effective Source o I
[D]=[U][Z][V]" =[UL[Z],[V]," +[U1,[Z],[V],

Coordinates Estimation:

e x-coordinates * y-coordinates
U] 21 [U]IP [U]ZPJ
U], =[P]-[U], = =
{ SJ LU Sj [Ul, =[P]-[U]; |:[U]1PJ:| LU]ZJ
[M]=[U],, -4-[U], [M], =[U],, —4-[U];»
[U];,[U],, =[QI[Z],[Q]" [U]-[U],» =[QI[Z],[Q]"
[Z], =[Q]"'[U];,[U],[Q] ], =[Q][U]»[U],,[Q]
: argz,
z, =diag((Z],)= x=-D, Y z, :diag([Z]y):yz—Dy arzg;y
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Parametric identification of
stochastic EMI sources

* Complex amplitudes of dipole moments estimation:

a
.. . . dZ + +
*  Minimum least squares algorithm diagl . |=Z;-G- z
aOrder
7, 2 | s 2 P
| *2 XOrder N N N
22 2. 2 z 22 2
where Z, i %2 order | 7, = »2 Y2 ¥2
Z'M X ZM X, ZM X Z- Z2 Z.M y
1 2 *Order | | Y order Y Order Y Order
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Parametric identification of
stochastic EMI sources

v" Finally the geometric parameters of dipoles such as delays and
orientation in the object plane could be calculated from the
estimated dipole moments. It allows predicting of the far field
distribution for any information bearing stochastic signal flowing
through the 1dentified distributed EMI source.

= j27zf21 P
Al
_arg{j2xf,, b}
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Experimental Results

» Measurement setup

* Digital oscilloscope

* Magnetic Field Probe

* Field Probes

* Measured
tangential
component
of vector H

< « Laptop
e Reference

* Scanning

* Object Plane
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Level, dB

Experimental Results
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Experimental Results

* Autocorrelation function * Impulse response
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Experimental Results

v Comparison of cross-correlation spectra for

mutually spaced WCSC sources

Non-parametric ensemble averaging * Parametric identification procedure

125 MHz
250 MHz

Coordinate, cm
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Experimental Results

» Measurement parameters

Frequency, f =240 MHz

Distance between observation plane and object plane, d=3cm
Scanning step, A=1cm
Resolution in the object plane, 0=1cm

Number of scanning points, 15x16

* Cross-correlation in the observation plane

DUT: Monitor
mainboard
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Experimental Results

» Localization Result /=240 MHz
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Experimental Results

Localization Result f=214.8 MHz
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Experimental Results

» Measurement parameters
Frequency range, f=1...1000 MHz

Distance between observation plane and object plane, d=3.5cm
Scanning step, A=2cm
Resolution in the object plane, d=2cm
Number of scanning points, 28x17
DUT: Notebook
*  Autocorrelation spectrum of the H-field
-20 ! | |
32 5 MHz 228 6 MHZ - ——X comp.
8 30 ! .. ................................................. e S— 6 01 S.MHZ ............. ....... —_ycomp.
L uﬂw L bbb
& AQ e RN TR o 3 TESPRVRSt TU0 .,_.M_ il ....................... TR EE _|
.50 - ' ' i i I i I RN R RN
100 200 300 400 500 600 700 800 900 1000

Frequency, MHz
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Experimental Results
» Far-Field Pattern

Distance, r=2m

Polarization, Horizontal
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12056
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Conclusion

* The N-F measurements of the stochastic fields radiating
by PCB can be used for the prediction of the F-F
distribution of the EMI containing the information
bearing signal and for the localization of the stochastic
CWSS EMI sources on the surface of the PCB or
electronic device under test.

* The improvement of the localization accuracy could be
archived by specific signal processing in addition to the

conventional averaging technique for stochastic EM
field.
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Conclusion

* The proposed algorithm of Tikhonov regularization in conjunction
with L-curve method allows the finding of the stable inverse
reconstruction of the multi-dipole model distribution in the object
plane

* Additional parametric identification procedure based on the model
order selection in accordance with AIC and also on the 2 D Matrix
Pencil Algorithm with subsequent fitting by MLS technique gives
the geometrical configuration of the information bearing CWSS
stochastic sources of the electronic device under test.

* Implemented simulations and measurement experiments verified
the choice of the proposed signal processing algorithms for the
purpose of the EM sources localization and the prediction of the
far-field unintentional emissions pattern.
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