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Abstract

Electromagnetic field coming from the printed circuit board (PCB) is becoming a serious electromagnetic noise source with the
developments of modern electronics devises. In order to reduce the noise coming from the PCB, it is essentially reduced into

visualize the current distribution on the PCB.

The visualization of current distribution from locally measured magnetic fields is always reduced into a solution of ill-posed
inverse problem. Thus, this paper proposes a new approach for this type of inverse problem. We try to evaluate a unique solution of
this inverse problem by the weighted inverse matrix method. As a result, we have succeeded in obtaining a unique solution that

corresponds well with the physically existing solution.

F—U— | HHE, BRASN. 7V FER, BT EWTRE
(Inverse problem, Magnetic ficlds, Printed circuit boards, Weighted inverse matrix method)

1. EAME

MHED — Y Fa s B a—Ficfkans, BR- EHER
EE L BRI Lo T, FRbOBBEE ORI LAE
BENTWS, LL, — 5 CHEEEEh~BH 28/ 4 X
DOKEE L IBEELIML, BRERE TN, (LD
AENVETHS LEIDND,

wﬂm@ﬁf&)é7) > EUE BRI & R
3z INRORRERR AN B0, B
HThd, B gmmmﬁmxa@mmmm
T3 2 LIYRRERAS = LIRS,

WRREA AR Z LI R IREEI L AT WM T E
1T 501, 2], EIG AT ALid, RS—EIORE

LR, MAMHE LI b D Th D, T, WRRET==

—FNRy U= SR Y 8 X TEOHEREFE
B L THEEICA NS 14].

AR L > THEROBRO TR RE R —HkE L
T, BB —TERETNERNT, VAT LA
KL, ZOBMA—7ERET/WHARAMESRL | TOURRE
REAT~DE IR STV 5 [3-5], M —7BRfiTT
NHWEHND R T MTRICATEGIBERDORIESEGZ FBI R
B LI~ BB 5, A3SCCHBERAAET D
N—TEROEE L D %< ONETRIES 2728, 27 K75
IHRROEHFITIE 120 | Mt TR AR5 - L hsH
MRV, F 2 CARRICTHET LV WRRERITE CH A AT &

(i Xa = JRAIN

ZOFEE. FMAREAIILH LT L TIREOR
SEPRLI-FIETH Y | SO Gl 5 Ry
BRI A2 HIE T D, — LI TH R HA AR R T
BN B & TR IR MASESERATTRE CH D LK
ET B, %< OYERIZRV TR MVORAIRBET 2%
ARSI LTREN5, BATEETIRE IR b
VARV L U OB Ch D Z LR {EL. B’
B SN B ORSERET 5 2 & CIEOM L 85 HIET
»3,

AR TIEAM EPTIREOBRIC LY . BRIFRC Y v b
EARDBHGFARERAE DL, EHA & W THRE ) 08
VAT AOMEE LTENRRETHHZ L BET 5,

2. EWAFERTIE
2. 1. RHFERTIEORE

—Az, WREDL 2 7 ARSI TH L 6h A,
Y =DX n
WRAD, Y. X iZ#hTh p KOAHRY b, q KD

s by, Dt p 17q FIDV AT KMTFITCHB,

ORDLRT MTFNDOAE p 15, Koadhg L9 bEIZEH
BE. REOEH TN 12D, ZOBE. T_XCOREERTD



EHIUE LN LRV, TOX S AEURREOTEAES |
ELfHX Y75 (Weighted Inverse Matrix. SLFW I N &REED)
Ao kDM L EEX D, VRDAN MY 2@ R0
L IARET S,
Y=W-s @
s=wwl'w’y ®
ZZTW EATIICEH D, BHTHUIEE LT-BR T
WET S p 1Tq FIORHTHITHY | 8 idq KOFE~2 k
WD, QREDORIRATH L @WABELND,
DX=W-s @
() R~ b s 2@ RITHRAL T AR~ MULG)
RCExbhD,

X= pl'w'y ®)

2. 2. HMTH

W I NE IR0 2Rt onsl b L CRURHRETH DS L
$UE L. BRI Sh SO A RET 5 - L TREBDHIET
%, AR TIIND 7 — ) BSIRBIFTRETH D LE
15, 85U, Bohsd p BomE AR L>Tq &
IZPHRT S Z L icve Hieuy,

Y(x,y)=W s
=5, + 5, COSX +5, sinx+5; cCosy+s, siny

’ _ ®
+5,COSXCOSY + 5 Cosxsiny + s, sinxcosy

+ sy sinxsiny +---
6) IRV TASIDIHET 22 M x. y 25, ThEhAx .
Ay 3. p, x p, BOBISMS NI L TEMN RN LS

ICEATIEIND,
Y=W-s
1 1 0 1 %
. %o
1 cosAx sin Ax cosAy s
1 cos2Ax sin2Ax cos2Ay !

1 cos(p-1)Ax sin(p~DAx cos(p—DAy - N

3. WRIHHE

AR DA, 7Y o bR ECRtE LIRS
LT B ORI EHEET D Z L Th D, B
— 7T TV EARGE L, R VL — G

£ 5, TN ENDON—TEBRICRE AR <Y Rt
LT, aEhb AT TR AT A28, HEEE
1D 2WEDRAERI L, B AT ©OMAE B E L
T —TEBROREETCE L BB,

3. 1. MUA—TRERETIL

B —7EHE T/, BRI 5 B Skaliik 414
LITRTESiEm X m BORNRBTATHEIL, TRk

NS —7BE CE) & LTIET S,

d:x). € u(x,.,yj) 8

i=12,.,m j=12,.m k=12, .mxm
(S)Wu(x,-,yj) i, {E";‘El/tmmf)(xi,yj)ﬁ
1BV T DA L D% L B,

B1. ML —TBHETL
3. 2. JATLAEBR

3. 2. 1. AHRI MR

7Y FAR ETRIE L7 n X n ORI H , 13
TRTCHEND,
Hy, e [0 1, k.y,) £ x.y,)

i=12,,n

()]
j=12,.,n

OKT, B S, f,, f, X — y R (5, y ) RIS

B3 X, Y, z D 3 BEIORAITERER L T 5,
ZOBRGARDBERE @) RN L HITFR MUKW UE X
itk 3xnxn moAHR2 v Y RS,

Y= [f;(xl’)ﬁ )u/;(xzv)ﬁ )m/;(x-’)ﬁ)'/;(xnyz)’/;(xzv)ﬁ )’-,
JACTEEY W ACHNA YA Y
/y(xl N )’/;(xz’yl)’-’/;(x.’Yl )’/y(xvyz)’/;(xz’yz)’-’ (10)
fy(x.’)’z )’"./;(x.-l’yu )’./y(xu’y.)’
/;(xl d’l)’f;(x—z’)ﬁ )w/;(x.’)ﬁ )’L(xl’J’z)’/;(xz’Yz )
JACHY S AN AV AL



3. 2. 2. YATLH
YL —7EBRETNATY v MR EES D, EhE

hOA—TEHRCE) (R B nX n OB DY) 1.,

D,(l:leGf‘")(xi,y]),Gi")(x,.,yj),Gﬁ")(x,,y]) an
i=12,,n j=12,,n k=12,---mxm

TRIND. Gg)(’hYJ)Gﬁvk)(’i»}'j)ng)(xi'}'])‘i“ (xi’yj)

RIZBIIBN—TBRE X, ¥, 2 . 3HROBHBHNFTHT S
7Y — BRAETRL VB3], k BBOL— 7Bl & 5B
Sk, 12 RITFT & ST AT MTFEARRRT D77 b
1o~ 57 L CALNS,
d® =[G, (x, 1) G, (x:, ).,G, (%,, ) G, (5., 3.} G. (%, ,).
Gx(x.»}'2)--’Gx(xH-Y.)-Gx(x.ryn)-
G, (%, %) G, (x1, 31,6, (%, )G, (%, 3,1 G, (x1, 3, ).
G, (%3236, (51,7 G, (x..7.)
G,(x,3)G, (5, %146, (5., %) G, (5. ,). G, (x, 3, )
G, (%0,32)1+G, (x..1,3.) G, (s v
2FEBNTIXnXn fTmXm RO 27 55757 D
PELND,

D=[d®,d?,....d™™ 13)

(12)

3. 2. 3. WRHGDEE

QORI LBASIRY bre, (IBYADYRT MTFIERA
LIt (RO AT L RO b X i, BRBERAT
FIIV—7EH, ThEhDEHREL 12D mXm Ko~
7 M Eied, ARSCTHBROMESIK3IXnX n 28, K&
T HA—TEROEm X m LY BT, AT MTINIRER
OEFTFN 2D, ZORE, TRTORAMRET MG 5N
BLEBLRG, 20X ) RANEIRTEOECNS 5% B kL
LT, WINEER S BB, 6)RL M- f~<s X o

BER y, ¥ O RITT IV — T BROBHRELTHL

EENBEIYHY, 1. (DRTELHNS,

mem = zxkcl(nt()m (14)
k=t

4. A8

ARIOFENTY v MEROBRYRHEEEE LT, HH
THONRIET A7, FBR A NVEREL, @7 o+
A LT- M 7o,

4. 1. HOL—TBEETIL

B2z, B —7ERCE), Ok = 21,5696146,171191
RS 7Y MR LRSS D) ok,

TOFEBIIBWTUE, n=m=15 L Lk, TORKE
3XnXn =675 WORRSHHE, mxm=225@ONL
—TBREHIET B = LI 5,

4. 2. MEWANH

ITRT L SI, EEAL 7YV MR E L - aA v
e L7, B3(0) X (@ R4 /4T, 100kHz, 0. 34 OEF%
WELBEIZ, X, Y,z FERZOWT, FHEH4E S 4m, X
6.0m OHEREV L/ A FE~—F o/ L& RWTRIE LB
R ThD,

No.21 No .56

(a) (b)
R3. (a)$Eav s b) MANHOAENSR

4. 3. BRI
341X 3 DRERSFHS Q1ORIZ L BAT7 LY &,



2 WOR U7 & SRS D 525(12), (19)

LHEANIXNXNn=675FmXm =225 W 57 KT
F~W I NiEZER L CaROh- M7 M X 27577,

4. 4. WoEHERE

5@, 19X VBONEFN AL N LEON—TBH
ST, BhoaikifE:, BiAfErRL D,

B 50, () TRIA—TEBRIMNE, BT IN—7
TR T D ROERAHE L TR LNERY MoHh
DHERERETI(5], H56W I NESHBRIRF NERS
B2 B LIMERTE S,

MO W

My, x
50

MWk
150 200

100

E4. oML X

B5. HAER
10

7.5
5
2.5

N "
2.5 lf %[ T7100 150 200

Coeff . s

~7.5

E6. WINMnHT— TR

4. 5. WIiNROZLEE

ZOPRETH., M T Y B 205 THE CTREARE
2B LTEEL T3, Boieign 7 — ) ~{f %X 6
(7 A

T— U AR ISR T 5 05, 35 90 IELI IR TR L
T3, 2T, BONIW I NEIWERGITIE LY WThHD &
E2 N5, 20X HIZW [ NEMREOIGIE M5 Z LI
L0 BN ROYIR IS T RIS 5 = & HATHRE
ThD, LT, ZOFETHLNI-W I NARISERIIE LY
MTHDHZ LIRETES,

5. ¥&®

ARCTI, 77U REDOX, y, z M. 3 SoeER
HORENSTY v MNER LoRmERIB L EES D kL
LT, LV iRERTA Ch D BT & TH (W I N) %
REL- W I NI MNERER I U L35 RETHRE
DEEEIER LT HOTH Y Ma HOISFCrElL TMC F
EThD, WI NEOSESHELENT 5720, FBEiTo7 £
ORER. BT & WHTIRESYERERTIR A TH D | RS
YL AT ADE ARV Z D LT LI,

S

[1] TDot, S.Hayano and Y.Saito, “Magnetic fiedd distrbution caused by
a notebook computer and its source searching””, Joumal of Applied
Physics, VoL 79, No.8, April, 1996,pp.5214-5216

[2] TDoi, SHayano, IMarinova, N.Ishida and YSaito ," Defect
recognition in conductive materials by local magnetic field
measurement,” Joumal of Applied Physics Vol 75, No.10, May,
1994, ppS907-5909.

[3) H.Takahashi, S Hayano and Y.Saito, ““Visualization of the currents on
the printed circuit boards,” [EEE Visualization 1999 Late Breaking
Hot Topics Proceedings, p.37-40.

[4) YMidorkawa, J.Ogawa, TDoi, SHayano and YSaito, " Inverse
analysis for magnetic fieki source searching @ thin film conductor ",
IEEE Transaction on Magnetics, VoLMAG-33, No.5, Sep. 1997,
pp.4008-4010.

[5] NMasuda, YMidorikawa, YSato and HTohya, “A Study of
Current Distributions on the Printed Circuit Boards,” Trans [EE
Japan, 119-A, 997-1004 (1999).

[6] A-Takei, S.Hayano and Y.Saifo, “Weighted Inverse Matrix Approach
to Searching for the Radioactive Source Distributions,” Proceeding
of IBMSAEM'98, p.94-98.

R H

Erk12%€ 10 B 17 H




