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ABSTRACT

Principal purpose of this paper is to obtain the frequency classified current
distribution on the multi-layered Printed Circuit Board without any decomposition and
destruction. Only inverse approach, where the current distributions could be estimated
from the locally measured magnetic fields around the electronic devices, enables us to
carry out this non-destructive inspection. Since the modern PCB is composed of a lot of
semi-conductor elements processing various frequency signals, then we focus on the
frequency classified current distributions. Concretely, at first, we have measured
magnetic field from the top and bottom sides of a PCB. Second, we have applied Fourier
transform to the output sensor signals in order to classify the measured magnetic field
into the distinct frequency components. Third, solving for the linear system of equations
to each of the classified magnetic fields yields the frequency classified current
distributions on each of PCB layers. Finally, convolution of the obtained current
distributions between the top and bottom sides of estimation exactly identifies the

current flowing paths.
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(¢) C-layer

-las'ér (b) B-layer
Fig.1 Multi-Layered Coil
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Table 1

Basic Dimension of Search Coil

Turn Radius
144 0.5(cm)

Table 2 The Distance Between Each Layer
and Measurement Surface

top bottom
A | 0.6(cm) 1.3(cm)
B 0.9(cm) 1.0(cm)
C | 1.3(m) 0.6{cm)
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(a) Measured Waveform (b) Fourier Spectrum
Fig.2 Induced Voltage by Search Coil

@10k
| ‘1)
j |
o

() 30kHz

{c) 50 kHz

bottom
Classified Magnetic Fields Distribution

upper

Fig.3

2.3 WINL—TEEETIL

Fig. SIZRLEHASHTNERICH L THIIZHE
VAT LFRRERE, BRSO EWHET . KR T,
B LR L OBBREMN A —TEBRTRBE T 580
N—TBHEFALERAOTHRE AT LR EHT
3. .
Fig. 4 \ZRT 54, b2V EmERIIHHTHEREE
J%, PEREALFOBAHZRETS I LICE>TKRD
DB EZD. BNERBEID, 0t PERTEDLRT
BNEE J IR H LR TEEST NS,



VxH=J 4
Lo, BREE J L PRIAEBE LT LA
B,

VeVxH=VeJ=0 (5)
GRXOBFIEF ARy ZOEER L SMmTHY, EiR

BEZERBICOVTES LIch 2 RICHAT 2B 112
HWEMREFLWILEZE% TS, GX2ABMNICHET

LEMO—FLFig 4 IR TRRIBRT DN — T B 1

THod. ZHERREROMNOMOYTHLTABZERE
HOERBRE LW EIERTS. ZZTIIHESNDLE
M Fig S ICRTA—TERTETNMEEND LIRET
5. Fig 5 on—7Ei i 52 2 MEEERD, z8h 5
DR H, HATFhEhE), DA TEXbLhB.

:Li: I }{a +ri4z? E(K) K(K)} (6)

27 J@+r)? +2 (a-r)'+
=_l_ z [az—rZ
2z \[(a+r)2+z2 (a-r)+

o ra ®)
(r+a)*+z*

(M

T E(x)+ K(K):l

IHEN—TER IDE o, =T ORLhe L
—TEICR - EHr V=T EILOREITE 2B
HIER T ARR HN T 7 OkAl L B FE6) X T
BTEAZLE2B%T 2.

Fig. s o —7EBRE2B/IN—TERETIVICEEH
2 5. BROSMTHRERE Fig 6 1R L 280/
EHRIISEL, s &M INESFERICERV— 7%
RETD. HEA—TO¥E 2 i Z@ORIT L > Tk 5.

& (.dl ©
2

Fig.4 Loop Current]J and Magnetic FieldH

Fig.5 Relationship Between the Loop Current i and
Magnetic Field H.
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Fig. 6 Consider of Microscopic Loop Model
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Fig.8 Evaluated Current Distribution Vectors
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Fig.9 Convolved Current Distribution Vectors
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