HW2H E2Y BmF+H5ERL%R Vol.23 No.2
2001 £ 2 A JOURNAL OF ELECTRONICS AND INFORMATION TECHNOLOGY Feb. 2001

FrocE IR ENRER B AR EL B R (B] -ERY ST

= B 4 A RS

(T k¥ENTEEE #AH 310027)
*(FBEAEENATIER)

W F HRLBENSREELEEEFLEEESTRATHIERRZ —, EERKSEKT
BRI —ER RIS, 30 T —MET R a X EER i EMC #higit
BB, HEAEREUTREREAGENSYEBMAKE, MBS RN THTHERIES
REHRR TR, T RUT A E R AR AR A 1R B B R R ey T M A e R AT BRI AK P L. 3
FLANSEI0 A4 FAESE T X R R A T AT,

X BT, B4, ERIRER, AR, FXaR

+@S8 TN4l, 0441

1 &

B D) 2R SR B R R AU SRR R AR B R B BT, T T HARC & IZN A
BT AAESRMBRER. FRARYRE —F AN T EOETFREOER, 5—7H
tof EMC(FRREHRZY) [BIRA H e . Mk, REmABMIF RS E=4ET KBy EMI(BRRET
%), XFWHTHRERTURS, WE-ERWEFREEEWERY TE. FREBEHEZF
ZHFESSHENZEMED, X EMC SRS EEXEREWEM, MHER
BRI 4T EMC RS Rmigg s Fhof O 2 —, B 200048 1 A 1 HEduT 1.

W/ Fi &R EMI, PCB (ETRILKEAR) MERITRENRE. FEIMFIEET —L
INENRIR B () Ze B ey e 20, R SRR, WU T E R, REDEA SR
FEE%S, (EiXxsHETTFES, LRIEFEUER. BT PCB MBIt ERSHIRLT
AR—FMEKB TR RER TR, EIRZA © trial & error » BRITTIK, WAM
KE B, HERTRENBERTERYHE—SRE, —FTEEEDRT, A—FTHE
NER LA EEE, {8 EMC it EmE .

#HESFHAES TR PCB AT THESWERER B, ARBHIREREERE
POERLR R (B SR L FRAE, 06 BB BN S T YK P, A3CHSE 2 W E L BRI AT
WAEHE— SR, WO 3 WIRH T —MRIE T 50 B HEATETRIZ 88 EMC A1t
Bree, HEABAREEBARNETRBERBHXE, 4 TRET BEREC K
A, FIT et EEETRILRRE 5 AR /N, FrA R BRI B AT ER TR T UR
iE.

2 B R & B8 MR A A T AT B
Bl — & SOW I s i U5 S ) WL B R SR B8 X FF 2 s A B TR K P00 B
. B 1(a) . E 2(a) S BIRX G BB FETRILE AR TR, FGEE T RN
PCB #i £ T4L iz a0 25 2. & 1(b) . [ 2(b) R IA 15 S FHRMBLER. KT

BRI E B X T KR R, FEIEBEN R T B (U BB T FFREW RS
KABIE, REHTEMES. WRE 1)) . B 20) WUBRARTURL, (UL—~2k3

AN S T YK FRT 10~20dBuV , TTLUE H-& i ETRI S AT LB 3T R R TF
KB FEESFTFHRAKTFRBEEN.

11999-01-26 3, 1999-11-26 &y




182 B F 5 F B ¥ # 23 %

T0dBuV AT 10dB

MASH
1) % MOSFET B R Tk
RRSE —— : : ;~ﬁ‘ : .
AR e i TM,.' j“ﬁwwi"ﬁﬂ_
----- - . 150 KHz ‘ 30.0\MHz
1 BHITREATHBOBXERAES THURER
(a) EPRIK BB B ER T HBGHH
(b) 15T HEm F 5%
T0dBuV AT 10dB
MAFL % MOSFET | : —
(b)
RIRSS
o B L 38

150kHz 30.0N{Hz

M2 RS RMAEHRIBORIRKREES TR
(a) BRI RBER R ETFREHS
(b) S THM LR

M EMC it MBS, FFocm s S ERF mpmsRm, BAHET s BeTH
EAEURKRH., —Bok, FXBENTHREETEHRPERE, BRELRRB TN FX
L, WIERGNE . RIKE CRE. B ESURSZMEN SR, SRR ERRN
BH RN EES TR R SMENRE, FARETHRASTRSEZPREERL
E¥ LEURMIMESHBTHKT. E 1(a) . E2(a) BHTHREAWERRY, X6 RN

R A 0 T 3 E R R A R 5 I B MARARE 8 IR SR ME. XRE X
LR EERARER, REENTHE SASKEESHREEME, EXENEEHR
Kk, EREESTHAT, SRR TEEREYECRESRIMAFLNERE, B3UF8
WitanE 2(a) BiR.

3 837 Tt o H

ERRETF X BTN S TIOKE, NE/NTRESMASKEHHSBEHE BRP0
TR A TN EE. BRE FZHEER-TAIMRE, 5008 A8 B H3F M o 6] &) £
iR, BN A TR I RARYE T 0 B 3 i 43 A0 A DL BUB R B TIN5 ey 7T

WS EMME TR REITEE FHREN THRESHE. KSHITREBWRITT X
PR L+ T HBIBOEMZE, FXIB=ENTHRBFREZEL ST 100MHz DL TRy B
M. ELFFE 8 E PCB XEY TR ASHTERERSHEM. EREBERRET, HRWE
AUARE 3 LAY 2 () A AT ] B A AR, MR J(z,y,2,t) TE R



2 RO PR GIRENR B R A M BRI R 183

Oplt Op(t
Ie,v,2,0) = eVo(z,,2) - 22D — g(a,y,2). 200 1
H o(z,y,2) BREEEE— A (z,y, 2) EBZ t BIBENAL o(z,y, 2, t) BSESR, o) Bix
MR ES R, £(z,y, 2) BIXEMBEBBE J(2,y,2,t) @SR, 229 gitetg
Sk,

R AR A2 4 T Y Laplace 172 (2) T LARS 220 & MBI A S B o(2, v, 2) .
PEAT R A5 HS T LU B A BT % ¢ FTSRB M B0 LB B a5 I > 25 (840 it £(x,y,2) . 457
WAL LS T HAR B B TR B 5 |€(z,y, 2)| . Laplace FREMH R KB THIES L
A BRE RS, BT AETESHAR, MEEMETEER 1.

Vip(z,y,2) =0
} @
elr =1
RIE 1€(z,y, 2)| AT, BEURBEEKE |E(z,y,2)| BARIHT, TTRAB/NEZ Ty
RE, SXRERET R0 EHTERILE EMC 41 iHay 2 B4R,

B3 R—%&LBORSLEGTHRBESFENTEER. A HEREBURRKN
MERS B MARRKE A, XEFTUKSERYTHAT. & 4 pLReEs FRBIEX A
BAE, AU, TR — AT NE A A, B MRRHINEE L BB 4N, Bk PCB BT REE T
DARSE SN T30, 10T 30UERY L B ENRI 52884 Ak B 45 5155 % 4: 58 HP8110A #Hi%,
10V, 200kHz Bkt FHEE B, A, B HERZEVERLE, H2HEENH5SR
L% A ST ST HPBSOOL . [ 5(a) . 5(b) BT M BMER. MREREY, £
A SRR TIREBNESTHFE 450kHz-30MHz Py 8% B 22 F W N T 8dBuV ,
R BE.

B[X

4 ZHREE
EH3 THBESWEITHER

1 BERK

RYE 1€(z,y, 2)| I METULZHRENAE, MREURITRE—BER. K/DBEN
RISAEHRMAEER, EANVERZEFARARXIBITHE—EER, OBSFRKYKXD. BRtLE
B K 32 BB TP oK.

BASHTUARG SN ERIKRS THRSKZ ERME TR, {EXF A &Y EN R 2%
BmE, HtHENER, SESHARBRWITHERENRE, TaEEMERITMER. X
WRATRE T —FF B PPN 28 —BE % (Coupling Index) , (3) RAH T HE XK:

N
F=3 |&n) AA(n) (3)

n=1



184 B F 5 fF B % i 23 %

TOdBLV AT 104dB 70dBuV AT 10dB

150 kHz 30.0MHz 150kHz 30.0 MHz

H5 A BEREZEZINTHKE
(a) B2 A BYZHAKE (b) B4 B BRIAAF

HADRBERIEERILAD N N AR, |6(n)] 25 n MRS R BRI,
AA(n) B n APBRTER. BHHREH En)] 5 AAMn) RN, HMHBCHRE R

BATEMERILS THRSKZ BWMSEE, SHEBRFNTHEMEL, BeRBEIHE
FEHEE, R ARSI EIEE, B8 ERLRITERPERTE. TRITRIELREY
BERBOTH SR U R ABARTR, LA T EALRITTIEFRET EMC it
e,

5B EEERRE, MEAN F A RBRSLEMBESREE. LR EHRS
SME-WIHBHSUEGAR &4, BWMTRERGZHSM, €y ) REEFHHTR., |

WET TR X T H R EHR KRR T EVEEMRE, FREGHBRTER. MR
ERYF WHEPRRER E(z,y,2)] T, BRAIFEABEHIEHERENARFLT HE

TR, 454 THEeE, BT LR, b TIEERE RUH LS RRSFLHYEEE
B, RI1FET O MARNMRTR, FAEHTHAENRE REAMBFTEE. HTEH
R RREENRR, LRGSR BFELNE —SIREPHRATRER T, WE 6
PR, BEASHEISGREY, RERBESHASHEMNRERRXARYCY 098, REBEHR
HREBR T RS KM REEAN RN, TRFEARBHTIRRRERS REHTR
R TITHY.

[ B S B e B g R R IIE BRI ER. F5 & 448 HP8110A 2R EaM% 5T
WIRFLRAHE, W 10V, 150kHz &1k TFRESHAR . HS AR BHB SR

LK TH. B7TRELPFES SHRKFENTR-TMRAREE, B8 RE 1 PE
T ST RYRTHBBRE R, WEE 1 7 Nob BEE& E$ 776.35 fl No.7 & E
1432.9 #ANE No.7 R SRS AR E W No.s FHERSKXBUHELH TR, B 70) . B

8(b) BYSLERLERAEE TiX— K.

5%

EM R FEL B AR Y B S RO F S s YR EMC B AR RRI SR, BB RO AR o/ N E R SR B
[Flg FiAEH <8R, FIMER S AT A R TRMEN MR A PCB AT LRI R4
TERFR, TR RIIEREURM RN ETIREH K. MRa Rt ARE
RKAITHEE, MRS RETL LB RIREREERE, ARBE T HENE, R
WA EEit. HE MRS REEL T X — .

WHE SRR AR SLN TR, K/, B, B TRMERLRR IR FRHgE
By T AR, T A7 5 i B B R B8 EMC AR R B B . X
AERET >R BHRA, TMHEET =R ARHeE, BT =RAHHESH.



2 4

R UTH: FFEALIRENRY R BAAR BB RER AR B R

%1 AENHHLIGH THIRSREFBEM

185

e | TRIBEN | magy | wxt (oF)
gmes
No.1 -_— 571.05 8.30x10™%
[ ]
T T T No.2 - 482.28 6.58x107°
o -y
o ’,6 -
. No.3 - 103.31 1.68x10~%
- A - —
i %o No.4 — 1535.7 | 36.5x107°
’46°
Lo . —_— s
A 7 No.5 776.35 11.3x1072
1 1 r
0 500 1000 1500 2000 .
HMERMF No.68 = 572.01 8.45x 10
H6 MERYERFMXR No.7 a— 14329 | 29.0x10~2
No.8 — 1003.5 21.0x10~¢
No.9 — 1003.6 21.0x10~2
70dBuV AT 10dB
L 30mm N - - - . . -
« > $2 P CoE '
: b b
10 mm -“Hﬁ%ﬁ )
5 mm
<> ‘
I 5mm
10 mm
BT e e s
10 mm : : : . : : .
(a) 150 kHz 30.0NHz

|7 %5SHKRTARTMTFRUBLER

30mm

(a) WERRST  (b) RSB

A

100 mm

(a)

0 dﬂhll\' A-T 1¢ ﬂ'.,
R RN A SR A AN S
? mm E?ﬁ?&t:-:f:xn
::Fb\‘.%i& -‘
PLLY S T A SR
450 kH7 .00 Mz

(b)

M8 H|7TERANMRIWTFRBBLR
(a) LRt (b) AT



186 B F 5 f B ¥ # 23%

£ & X W

1] 2FrNFut o™= S EHaRERFRNGMNES, BRBANRBEERANILFHARE R ERRE TS,
199941 1.
(2] L. B. Gravelle, P. F. Wilson, EMI/EMC in printed circuit board—A literature review, IEEE

Trans. on Electromagnetic Compatibility, 1992, 34(2), 109-116.

[3] Bogatin Eric, Design rules for microstrip capacitance, IEEE Trans. on Components, Hybrids and
Manufacturing Technology, 1988, 11(3), 166-173.

[4] M. H. Pong, C. M. Lee, X. Wu, EMI due to electric field coupling on PCB, Proc. of IEEE
PESC’98 Fukuoka, Japan, 1998, 1209-1213.

[5] Zhang Wei, M. T. Zhang, F. C. Lee, Conducted EMI analysis of a boost PFC circuit, Proc. of
IEEE PESC’97, USA, 1997, 223-229.

[6] Giulio Antonini, Saverio Cristina, Antonini Orlandi, EMC characterization of SMPS devices:
Circuit and radiated emission model, IEEE Trans. on Electromagnetic Compatibility, 1996,
38(3), 300-309.

STUDY IN ELECTROMAGNETIC COMPATIBILITY ON PRINTED
CIRCUIT BOARD OF SWITCHING POWER SUPPLY

Wu Xin Qian Zhaoming Pang Minxi*
(Department of Electrical Engineering, Zhejiang Untversity, Hangzhou 310027, China)
*(Department of Electrical and Electronic Engineering, Hongkong University, Hongkong, China)

Abstract Crosstalk between conductor traces on printed circuit board is one primary source
of EMI in switching power supply. Field analysis is carried out to study the electric field
on PCB. Simulation and measured emission map offer valuable visual aids to PCB designer,
coupling index is introduced to indicate coupling level between two traces. Based on these
emission maps and coupling index PCB designer can arrange critical trace in suitable location,
so crosstalk problem between traces can be suppressed during PCB design stage.
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