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Research on inter-loop magnetic field interference
in power electronic circuit PCB
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Abstract: The high frequency switch tube in the power electronic circuit will generate high di/d¢ current in the circuit loop, which will
cause serious magnetic field interference to the adjacent loop and destroy the normal operation of the circuit, especially on the PCB with
compact wiring. In order to reduce the magnetic field interference between the wires on the PCB, the article analyzes the coupling
coefficient expression between the loops and extracts the characteristic quantities; the ratio of the distance d between the rectangular
loops to the length a, of the coil [,—d/a,, the ratio of the area of the two loops—A,/A,, and the center offset angle of the two loops a.
And then the paper uses the finite element analysis method to analyze the relationship between the coupling coefficient kand each
characteristic quantity. Morever, by analyzing the simulation data through MATLAB, the relationship curve between the coupling
coefficient k and (d/a,, A,/A,, @) is obtained, and the criterion to reduce the magnetic field interference between the PCB circuit
loops is proposed basing on it. Finally, it is verified through experiments, which provides a basis for the parameter setting of the circuit
loop on the PCB.

Keywords : Magnetic field interference; Coupling coefficient; Rectangular loop; Finite element analysis

[0 B 7 T4, S BORAE R A 0, SR B B R S0
SEPE, XFTR di/de U AR RO RES T4, —SemTse
St TR KA i 12 AT B R BRE E) 43 47 5 55 4

B B TR (D R BRI B AR (PCB) SR U T TR 5 /NG T D RS 3G , i 72 25 1
AT SGORR B T A SR TR A/ o E R 2 AT 28 LA T, Sk 3] 5 it B
de PRI P Aok B A AERIURE LB L AR BT e b TP RO B R I OB 5 R K A )
FEBSRME™ 5, FO0 PL B IE R AR o AR HRAE g sk il 2 2 28, A B0 AR 9 DBC T J . (L

0 35

i3

Wik H 1.2020-09-11 Received Date; 2020-09-11
e H . EEKHREEI 4 (52067007 ) ¥ B0 H



- 176 - LSRR R e o

LURRE

J2 , BIRSCHRN TG B B W57 T PR 5 AR b AR 5 r
JEAF AR B BEATIRA T

RO U ST LB S 2%, AT S AT B30
(AR 1) MBIk TR 7-8 ]l i ok B3I 40K
fifh 2 [0 DA T ) (680 B 24 Pl 2 i) ) L i A X 7 [
ULV FLIE AR A B R Al 0of S TR 2k Bl ) 9 FLIR R i
KA PR AR R e, BRI RIB A %,
it M TR R B s RO S BT I A oK A, 2) %L
TRk B EBOR ' 5 Ansys Q3D B4R L HE SR K
LRI A S S BT RORE PCB IR
WG s=Ra= =R QbR S NV e R R ERa N
XA PLEC B ZOR B m . HATX PCB WPy E2 4P T
SRR S e B RS, X BRI [ — - T
I RTB L P TR A R BT e ek [ 201 48
X PCB AU SR AT AL, DU T3 SR 1 B
S, (RN A 3R BRI Dol R S A R X L
L IERY W DT P W S 0\ e D = - TP TP 3
2R BB A, AR R — R e Ris s T
LR HTR & BB

R A ST RES R G R BRIBCT SRR 5 2R AL
FIARSCARAE &, TR AT 1 LY PCB (7] 5% 8] 8 15 P 2%
R, e e R S 58 o 37 T e - R A A G R gk
1 T8k, s/ PCB (8] 8] B9 1% 3 T4 S i 7 B
W

1 #BZEERERENREFIE

AR AR — A5 A B IUT S5 bR T R
PEA R B, P BB 5 L, R L, ZR Il R B M
WIZRR A

M=kJL - L, (1)
Kk RS REL MG REBUE D 5WAZ 8 [H
AEXT TUART 2548, AR B, LA S W335 [R) A o A4 5 A
Kyt , #G RECE Wl IFRR N .

(DIZ

k= a (2)
K. @, B 1 @A B A WS @, &
LRIl 1) MR 2R 2 ) BLRRETE [N DR G IR ZS )
BI51 00 A FE 0 2B L DG R B 52 2k LSRR & &R
R AR R G4, LR B S 2 B (] 1A A R AL
TR

1.47 - @

1.1 A RHERLZERNRES REEESIEE
PLBASHUD IR B A d 2B 4250 50 R, AR, By [A]
IR LI 1, F0 L, ), e 1 R,

‘ b gz
) N4 f _
N R N
\ o |z
Gxy.2)

@) ®)
BT A Rl o £

Current-carrying coaxial round coil

Fig. 1

2P 1, TS O, R 2 B AR R — A P T AR
TGN SR EE B O
3 :,uoilfd[ X r :,uoilJ»h R, - dg - cosa
471',1 r 4

:U“oilJ'Z“ R’ -Ra-
4mlo (R? +a”* - 2R,a - cosp)

5 =
0 r

cosQ

32 de =

ol R 4 9a’R,* - 6a’
+ (3)

811. (aZ +R12)3/2 ((l2 + R12)7/2

WZEIE 1, fREE @, N
Jpas =]
® =[B-dS, =| B-2ma-da=
1 ! 1 . ma a

0.367 w, + i, * 7+ R, (4)

TE SCER B B ] O R AR B, Rkl 1, B —ME
B E(xg,yy,2,) , PERIBIEE PR Z B RIEE R N r, ML
Pl 1, BEHERILRIE] 1, W EIERREE @, RN

Moty 1 —
o, = ol

Ly

IuiR 2m 2w
i L,

cost( =y,

sint( = x, * sing + v, * cosp)

A+ B-cosg —C-cost —D - sint

* sing + x,, * cosg)

dt - de (5)

A+ B - cosg —C -+ cost =D - sint
K A=R*+R,*+d* ,B=2d(z,~d) ,C=2R x,,D=2R,y,,
PE % r=(A+Bcose—Ccosi-Dsint ) *° 251 t . 70 5 W4 P
1, 548 1, ZHOT BRI TS
U (4) ) RAK(2) B EE R N

sint( — x, * sing + ¥, * cosg)

cost( =y,

(6)

- sing + x, * cosg)

dr - do

k —
J»Z‘ITJZ‘N
0°0 WA+ B -+cose —C -+ cost =D - sint
ALk SRR A MELL BRI A3

A+ B - cose —C -+ cost =D - sint

AT L RS Rk ST R R Z L Ry



5 8 3]

R ERBEH.ODIEE d S4B [ LR R, 2 d/R, AL,
MR, 5 d AR R,/R, I LR 1, 1 A
HERGE @, B A RECE R, RZ IR, Y R,
5 R, N} d/R, B/ 2R 1, SRR ZIE 1, B, B
fim @, WK R A REC kR R 2R, L, It
AEVTHRECH R,/R, A d/R, WA R AE R AT 0 HARAY
5T,
1.2 FAZEEMERLEENES R

& 2(a) I RS2 [P TR XS | s [R) AR R
LRI, MBI TEARSE , BN 2 K
I3 AT RN R R B A R 2 18 1) B AR B, H B R E
N B LR B LA Y (4/m) 2 A5 AR ORI & R30S
PRI K L | o BE B 5 30K L AR AE
Ax,

HETELRIE

(0) il Py RE T2 e
K2 RS

Fig.2 Coaxial rectangular coil

1.3 PCB WA ERLERESRZBRESTESE

K2k PCB AR, AT LA AR IA M AE PCB I AN AT
AL T R—Fm, Kl 2(b) sy PCB WAL 7R
TE R — 2R L AT 4 R PR BB AH A 2 il i)
FEBA b, Al by, B —1 53 K E ), Al a,,

PCB PN AT 28 181 8] 8) B0 B VR R B PR F 4k
(Bl E RS2, B IR SLIMT B — 5 A B ER ) 58
FER .

Mol
B= e —ar2)
BRI FIZEE |, PRGEE D, N,

(cos@, — cosb,) (7)

, N cosl, — cosf
®, = [B-as) =T, (8)
5, 4w R a,/2
Hrr,
+b,/2
cosf, = d : (9)
(x —a,/2)> + (y +b,/2)°
b,/2 -
cosf, = : Y (10)

(x —a,/2)" + (b/2 -y)’
Jeff 6, .0, WE LUK 3(a) s,
XT3 (a) BIPIAS G s R Rl 2R B, 24k 1 F
L LA R SY [ E R, d/a, #7008 1, 52608 1, B4

HH 7 HL T EL S PCB [l B A G 3 TR 9T - 177 -
¥ ¥
A Abﬂ? 4, I, l, o
AN Id;;(;\ ;
d 7 \\‘ ( ) ~ \\)\ _
by Py x = <X "
Ad| e , =
bl 01 GI a. bz b] 91 (x,y )
a AB 2 a, P

K3 JLEE
Fig.3 Geometry

IR, BRREE @, WK A R Bk 8O RN,
LR 1 d EERE 2R 1, 52 [ TR LE A,/4,
K, HIREGE &, WA MG REk BOR IRZ IR,
MLRPE 1 R L, TETRR, LB RS d B 8 1 R L R
Vi, b/a AN—HERE A RFR G REE 27— Ry E
TR ISR L B AR AT LA 52 AN R

XFFE 3 () BIPIAS P m [RV Rl Y 2R P Al 4k
Pl rp ol U 2k 5 KPR R A N o, HG I B 3 2 B
MGl @, LIEAN .

Mol 2 tsina dmsw%z costl, — cos0,

P = HJ Jdmm-% x = a/2

AU, R @, 5FM o AR, WIR, UMLK
FELRH &R P A BE BRI, e ) o 2 XHEDBROR , £ 18 1,
r o PR TR A i ) R AR ) DX, 2%
[i] R 5 FR B ke 0B

25 LRk 3T PCB PRI LB, AT LU d/
a, AR A,/A, FF KA o A EAE N RAE R DE
A& 25k

dxdy (11)

bydsina

2 PCB&BEERGERBERHBSWH

JWFFE PCB PR IE 26 18 ] 48 & R A0S 4% R 1k
ZIH R, 7E COMSOL @A WK 2(b) Fim, H
FOT RS PCB, i B AFIE & B R B R 0. 1 mm, 44
LR P 152 B R, BRI OB 2 80 mm B K
a, =50 mm, 5EE b, =40 mm; L, EE a, =40 mm, 7%
b, =30 mm, MEZLIEIFE Bl o, FEHEE 28] 1, i A H 3R
i, DU, ZRPE 1 AL, =113, 13 nH, LB AKX L, =
79. 889 nH,

2.1 BERYK EHEE d/a, WXR

TREFA LI U S HOA L S A FFHE R d/a, .
2 a,=50 mm W ,d/a, =1 Fl d/a, = 1.5 BIRE S50 A5 Q0
K4 s, P4 B HEG Sk AR ME RN 358 B2 1 R/ N5 T 1]
T S AORFL T (00 T I i PR B 5 77 Sk AN
WE WL SR BB . WARTIE |, PR TIEH,
X T BA R RS R Bk, B d/a, BUNES
RECkE K,



- 178 - LSRR R e o

K4 pyrEmEn

Fig. 4 Simulation model diagram

D7 FLAT R A R P A A AR K b SRR
i d/a, FRFRMMZMIE S PR,

o fisE

0.040 - s

0035 i £%1— a,=30 mm
« 0.030 | 22— a,=40 mm
B 0.2 Hi£%3— =50 mm

W

<0 0.020

0.015

0.010

0.005

0
06 08 1.0 12 14 16
dla

1

5 MG RECEGRER d/a, BN
Fig. 5 The graph of coupling coefficient and characteristic d/a,

18 2.0 22 24

NE S AT, A o, B k5 d/a, F2AK
I b BEE d/a, B RIMTECDN, B2 d/a, <1.6
I, 2R R f S RBCT R HBEI; 2 d/a,>1.6
B, i ZeRbRAN  F A R BUE AT 22 7E L8 (] rhoL iR
B d —ER] e, R ZREIREG REE BN,

2.2 WBAERMLESBHMEREA/A WXER

PRI B 1, TR AL A, AR ZRIB R IS d R
A MU 1, BKBE a, BUTERE b, REUERHIER A,/
Ao A/A=0.5F1 A /A, = 1.2 BRE IR Ai i 6 fr
R, NEL 6 TSN R LR 1, AT G R £ X
FORE T Ja 5 WA A 2Bk T BT (AL /A, B & R AR
kR

15 AT 3 (14 BRSSOk SR IE
A /A, W R IRER A 7 TR,

M7 W LAE G Rk BEE R A,/A, 1
KIMIG K, 2 A, —E 0, LK o, K, G RECK
N LRV ERE b, B G Rk BOR, ETh I AE R
Homy JE a, =50 mm BUB SR b BRI Z S b,
50 mm BERKFE o 19728 A0l 4 Y 28 A [F AR B omy, a2
a, =40 mm b, =40 mm 35, K my 52 a, =30 mm b, =

(b) A/4,=1.2

Ko {En

Fig. 6 Simulation model diagram

(a) 4,/4,=0.5

0.022p

- (TEEE
0.020 — A m g
0.018}
o | m
%, 0.016 6
N; 0.014} %%I—ufm mm
L sy 282 —q =40 mm
0012 H?H§3—a;:30 mm
0.010r, i £&4 —b,=50 mm
0.008} 1285 — b =40 mm
i 26 —bf:30 mm
0.006 [/ ) ) ) . L L
02 04 06 0.8 1.0 12 14
AJA,

K7 fERESLEERLI A,/A, 1

Fig.7 A,/A, curve of coupling coefficient and coil area ratio

30 mm MIAC A, AT MR a,=b=b,=a IHEH, X T 5
m, XAAMER TS Z AT, a,>a,b,>b, H12E 3 7 Tk 4
T HEREZIG  a,<a,b,<b, Z 3 T4 By,
TR P AR — R B 0, 52 RS & R 5O/ i S A
R T b, IR R TE L B AU S5 1Y
TEOLT R T o, , #8G RE0E W/ 3R 2 B 5
JE b, KA REE B,
2.3 BMERB L E5ZXEFLERLEACHWER
PRI 1 (1, THRURAS LR R BE B d AR,
A KIS o, 0= 0°FT o= 24. T8° [T J1 243 A tn &1 8
FR XL 8 (a) FT(b) BRI 1, T RE ) 8
WL H BT, 3 0 /& IR & R BCE K, R e
o /N KRG REE R,

(a) e=0° M=1.42 nH

8 A EMER

Fig. 8 Simulation model diagram

(b) a=24.78° M=1.05 nH



5 8 3]

15 FLAT 2 0 BRI T B B RR A R Bk, SRR
oo O RIMZAE 9 FiR, A HTE 9 al%n, KRIF b, {8
TLEEREBCE, SMBIM o AR LSRR, 4
B Rk, W W I A I3 8N, 24 0°<a< 5O,
M ILP AL, BT T— 5K F B 2 5°<a<15°0T,
HHZR BRI Hh R 2 1% 1 T R Y a> 150/, iR R &
A ARk DL R 1R Rk S50 (RN P b/

%1073
— b,=30 mm

e
EEZ%.? b,=25 mm

— 5,=20 mm

0 5 10 15 20 25 30 35 40
K Fa
9 MG RBE MBI o LA
Fig.9 Change graph of coupling coefficient

and offset angle o curve
3 EREEZTHROGE

3.1 HEBEFTFHRIFEERRETHBERLSS

WK 10(a) 7R, HL % Boost A8 4 2% F , FELBS LI 4, |
AT IO LI iy AN RS LR 0, R R R
THLUR 308 2k A 20 ] i ] ) B Uk, X6 20 [l fi 7 A T
Yoo BT TNy @ (¢) , BU Rl #E = E n T4 i

u,, " LLRIRN
di (1) di (1)
u, = ==k )L L, - — (12)
det dt
e
_____ TR
] o) C, )
3% o 0, L
: R :
""""" T THREASE — SREH
T @ (b)

& 10 Boost 2 g

Fig. 10 Boost converter

X MR T o I IR A T 30T Tt AR
Wi iy SHIOEE R i E 11 R AN T,d=
T/2 RBERPR A A/d |, LT REEE A ¢, B B4
T2 AT, W 11 (e) FiR

T Sl R SR = I 1 A = e s
20 dB/dec U, A EF TR RIS, o) By

FL TR F L PCB A [ 8] ) e 4 TR - 179 -
i/A
TR
4
k _______ \ ]
rr T e
(a) ZHRE HILIETE
iJA
3
a /)
k —/‘}Jr i : /\
i
T s
(b) FFILE BB TE
dBu
-20 dB/dec
20 dB/dec
')
-40idB/dec |
F=1/Q2nd) f:l/é(mr)
10° 10° 0 10 If/Hz

(o) i tu e
Bl LR IEE B 4t

Current waveform and spectrum envelope

Fig. 11

AU R e, R i A B R F AT .
A+k A i cos((2n + 1)wt) N

() = A
= TR A Gu )
A +4ki sin( (2n + 1)wt) _ii sin(2nwt) (13)
2T =0 (2n + 1) 2 = 2n

PLig(e) AP0, 2 A T w (1)
. i“’ sin( (2n + 1)wt)
u(t)=M [’nz; (2n + 1)’w *
A+4kG cos((2n + Dwt) A & cos(2nwt)
z (2n + 1)’*w Z (4n)*w a8
AR B T w, BOHE R AN 12 s, w]

WAETPIRE T LT BB (/) TR,

27 n=0 2 n=1

A

dBu

40 dB/dec

20 dB/dec N
/ 20 dB/dec

FUnd) U

6 7

10 f'Hz

)

10

B2 T IR 4 14

Fig. 12 Interference diagram of interference voltage spectrum

5

10 10

3.2 FTHHEESH
FI ] COMSOL &8t tn (&l 13 Frs B f7 EAR R 34T
T 0] B 55 A e B 422 | LA AR IR kb el R 08



- 180 - B E S AR %355
e AR I %7 A T, LA B 2 A e i . 0057,
Ry - -100 011 }2
£ -150 ;
=== = , k1 —dla,=0
v i [+ o T Beod B R 0 R
i :_: s : b b, g7300 Hﬂﬁf‘a%—d/al
i i @ T -350 #2kd — dla,=2
S -400 )
THEER  SEN R -4sop 048D .
@ 0] 68 65 7 71 72 134
» i ) /s
Bl 13y s (2) Rdla,
Fig. 13 Simulation circuit model 0
100
AR T 07 HBOE i E 14 s, AWK 14 oo
T . o 1 5o
() FTLATE Hh, ORI B b 9 TR A5 SRR AL/, R9HER SO0 i e
TR, AL 14 3T AT 2 4,74, =0.4 (0L T, S | wA—e
b, =15 mm,a, =20 mm A, u, =0.55 Vb, =20 mm,a, = Fogo0f  geapls EST O
15 mm Hﬂ‘,u =0.7 VX ECR] S0 /)s [ 1% v bz,ﬁi)—i@ 069 7 71 72 73 7‘4X|06
PR TR 5 5 2 A,/4, = 0. 67 I, 138 9451840 gesy
[f], 98/ PCB I H B BURR ] K B8 B b, , %oF [l 8% i) 7= A= Y
Rk TR0 B A AL ~100f | sl
-200f
Z -300f
T E= Ny £ =, -400F 2% 1 A,JA4=04
R1 TRFHEETHTMRESEEE g s00]  ossy j"/AZOO";"‘” 15 mm)
Table 1 Interference signal peak-to-peak value under ;‘g :(7’88: 07V H%Z_S'/A”O”;‘ 5,20 mm)
different characteristic quantities H- -800r 085V i3 — (=25 mm 5,~20 mm)
=900 2k 4— A,J4,=0.67
THAET u, AR A “1000F 102K (@,=20 mm b,~25 mm)
. s %107
- 68 69 7 71 72 73 74
d/a,;=0.9 0. 46 — I /s
d/a,=1.2 0.23 0.23 () RIAA A,
Vn=l6 01 013 el 14 RFVRRAEL T 100 2055
/a;=2.2 0.05 0.05 Fig. 14  Simulation results under different
a=5° 0. 65 —
a=15° 0. 56 0.09
=25° 0.41 0.15 _\[—
=35° 0.3 0.11 Ij ‘;I ﬁ—ll
ﬁm@% iR !.~

F 152 14(a) (b)) TTHR07 SRR Hy (i L) K
FHAETAeE, WNEATH, FWES u, BEE d/a, 1Y
RN, H d/a,>1. 6 TGS 20 Au, [ d/a,
<1.6 BFE/N, THAGTHEE W JE M o B3GR 2
WS, N RS AL Au, B LLETTDUE ), Y a> 15°HT,
T A AR T I 78 o= 25° , TS S i
K, GEESchR, /N PCB G [ % 22 18] i G 3 T3, 6
d/a, BETEE N 1.5~ 1. 6, ELIN R0 9 8] 5% 1 e A
e[l — 2K 4R b, o BEEAE 200 ~30° M4,

3.3 XWHERRASW

J T2 R UE A S A3 AT KAl A5 R IE B
V£, 76 PCB AR A9 A Joy B LIS, G P&l 15 B, AN
[FIRHIE T A SE s 4 SR Al 16 s,

APMTIEE 16 AT BEAERFAE R d/a, FOE R, SO R

ﬂ_J“]-ﬂ_JEjtwLJﬁj

El 15 PCBH
Fig. 15 PCB diagram

PRI S u, BEEN; BEE D RS I M o 13
K U B R B T 5w, 3B/ R 16 (¢) AT A
FEHTIES u, BEEREE A/A, BB mRE K,



LT HL T LB PCB R (] 8] B 3T AT - 181 -

55 8
AAA | dla=09 |
§ﬂﬁﬁ“~”wﬂm%;
1 {
\
\
0.6V | /
\
v |
" h\ s TN SN Sy
" SWARA dla,=1.2
028V \/
¥
TS {dla=1.6]
TSP {dla=2.2!
(a) 7Flﬁ.la'/a1
A AA LA =5
R f v
AV 0207#
0.8V
p |
wm\ /ﬁh»‘\‘”f"’""" _a=15°.
07v 1\
145| 777777777 :
Y La=25°
0527 \/
047 J
(b) AF «
AP s Ayl =0.4
A (@=15mm)
0.8517)f \/ L_OSVIE
o |
- A AyJA=0.4
N / VAR (by=15mm
0'7V£ \/ 4=20mm)_
r
AOA a. AJA=0.67
TN [ vy (@,=25mm
098V \ ) 5:=20mm)
v |
ATV PR A,/4,=0.67
TV (G=25mm
i W &=20mm)
B |
&)

(c) AN 4,4,

SAS R K M A,/A,=0.67,b,=20 mm,a, =25 mm
i ,u.=0.98 V;b,=25 mm,a,=20 mm if,u_=1.02 V,7E
[l i T AR [ A A5 LT, LS T8 B2 b, K, THAE 5 w,
K,

53R 105 BB A L, B R 25 7E 10% ~ 15% , &
BRI B B, EEEE A TR IR, N EfE S
PF 22 18] 25 A S HOR LS T R A5 M) 5 8 S B0 R v L BR T
ZAEZ 0 FF A SR SNRIRBE AR, AR A
ZRN TR, Jok 5 btk ., PRt S8l i 15
T PAE L0 R, AR 5 20 B I 45 1 00 T 0 e o e —
HH,

4 & &

-

D o O s I S 1 1 7 v o Y 4 T = A k5

TE BB AR & R RS SRR R d/a, A, /A, VU RS
1 o E R, WAL PCB I HE B% AR J5 LA/ NG 37 T3
PEAE— B UET DK d/a, BN 1.5~ 1. 6; I /MR ] 1
FITHIRR , A T80 N0 T 5 8 2k i/ ) 1] B %) S E b o
Uil /INER BB T R, B 2 U0 R B R) R 3 T B 5 K KO
IWFE I o B FFE 20°~30°,
52 Uk
(1] BJ5, 90 DR 58% IGBT JT e AL S T

PRBO[ )], [ APl T A2 4], 2012, 32(33) : 157-

164,189.

XIAO F, SUN L.

electromagnetic interference of power converter IGBT

Prediction of  conducted

switch module [ J]. Proceedings of the Chinese Society
for Electrical Engineering, 2012, 32 (33). 157-

16 ARIFHHE g4 R

Fig. 16  Experimental results of different feature quantities

R2 AREHHEE THLIRERE
Table 2 Experimental data under different

characteristic quantities

TR THAFS u, HLE 28R Au,
d/a;=0.9 0.6 —
d/a;=1.2 0.28 0.32
d/a;=1.6 0.1 0.18
d/a;=2.2 0. 06 0.04

a=5° 0.8 —

a=15° 0.7 0.1

a=25° 0.52 0.18

a=35° 0.4 0.12

M 2 SR EH T AT AT, 2 d/a, > 1.6 B, T
Pl 5 AR A, BHTN, FAHRAR/N; 24 o> 1590, T
Pefs S MR ME T, 76 =251 ,u, = 0.52 V, TH/(

(2]

[3]

[4]

164,189.

Brelsk, Jivh, SR, 45, & SiC = AR R AL T LR
TR GHMT]. b THAERH T AR, 2018,37(1) :
1-7.

DUAN ZH L, FAN T, ZHANG D, et al. Modeling and
prediction of conducted electromagnetic interference of
full SiC three-phase inverter [ J ]. New Technology of
Electrical Engineering and Energy, 2018, 37(1); 1-7.
Y R AR  H00G. — PR A A FLJE IGBT Bk [ 1],
PLHL T2 ,2014,31(4) :527-531.

GU T, CHENG SH D, GUO Q. A low parasitic
inductance IGBT half-bridge module[ J]. Mechanical and
Electrical Engineering, 2014, 31(4) . 5275

AR L. FE TR AR X FR AT R 9 22088 B SiC BBk
AR T]. P E AL TR, 2018,38(6) : 1826-
1836,1920.

SHAO W H, RAN L. Multi-chip SiC module dynamic

current sharing based on optimized symmetrical layout[ J ].



- 182+ GRS SRR 35 %
Proceedings of the Chinese Society of Electrical applications[ C ]. 2016 TEEE Applied Power Electronics
Engineering, 2018, 38(6) : 1826-1836,1920. Conference and Exposition (APEC), 2016:529-535.

[5] Mdh RIGHE. —Fhhiim TP 20 X FR A £k PCB % [15] k&, ADNEAR, XIRAN, 45, il 2270 584 PCB % [
FREIE[J]. i THRAR,2011,26(9) :130-137. LR )] . AURURFHR,2015,36(4) :886-894.
TAO T, ZHAO ZH H. An anti-strong interference type XIEX L, LIU Y D, LIU Z J, et al. High-frequency
double-sided symmetrical wiring PCB Rogowski coil[ J]. differential winding PCB Rogowski coil design [ J].
Transactions of the Chinese Society of Electrical Chinese Journal of Scientific Instrument, 2015, 36(4) .
Engineering, 2011, 26(9) : 130-137. 886-894.

[ 6] =EiH, B FE, 2300 ST RE S0 IE i R [16] ik, 20, 345 PCB & 7% 1% 45 M I 5 4 ¢
griias A BT [ 1], A 5 A8 2441, 2019, PEWFSEL )], BT ITiF Sk, 2016,35(8) :81-85.

33 (7):188-195. GAO ZH B, LI Y F. Research on the transmission
YUANR M, LU Y G, LI W W. Optimal design of characteristics of complex interconnection structure
manganin shunt based on robust design theory [ J ]. between package and PCB[J]. Electronic Components
Journal of Electronic Measurement and Instrumentation, and Materials, 2016, 35(8) . 81-85.

2019, 33 (7): 188-195. [17]  VPSChs #2222 JREE. PCB AR M D5 LA AT ].

[ 7] KI-BONG K, E. LEVI, Z. ZABAR. Mutual inductance of B R HER AR ,2018,38(4) 1272-278.
noncoaxial circular coils with constant current density[J]. XU W T, YANG L L, TU Y. Simulation analysis of
IEEE Transactions on Magnetics, 1997, 33 (5):. electrostatic discharge on PCB board [ J ]. Journal of
4303-4309. Vacuum Science and Technology, 2018, 38 (4):.

[ 8] BABIC S, SIROIS F, AKYEL C. Mutual inductance 272-278.
calculation between circular filaments arbitrarily positioned (18]  kpish , e &PIEMA 45, e il X PCB i 20
in space; Alternative to grover’ s formula [ J]. IEEE B KA EMFFE[T]. B0 58 2R,
Transactions on Magnetics, 2010, 46(9) : 3591-3600. 2020,34(5) :103-111.

[ 9] KAIK, SHIJ, YIN W Y et al. Analysis of frequency-and ZHNG CH M, XU X Y, SHU X R, et al. Experimental
temperature-dependent substrate eddy currents in on-chip and simulation research on the coupling of electrostatic
spiral inductors using the complex image method[ J]. IEEE discharge to PCB trajectory [ J]. Journal of Electronic
Transactions on Magnetics, 2007, 43(7) . 3243-3253. Measurement and Instrumentation, 2020, 34 (5):

[10] RAJU S, WU R, CHAN M. Modeling of mutual 103-111.
inductance for planar inductors used in inductive link [19] =& skZH Mitats, 2. &iE PCB &3 fLarir
applications [ J ]. TEEE International Conference on HWALLT]. b7 & 5148 3= 4, 2020,34 (1) :
Electron ~ Devices and  Solid  State  Circuit 90-96.

(EDSSC) , 2012. YAN D, ZHANG Y L, CHEN Y Y, et al. Analysis and

[11] CHNG Y H, SHU Y M. A new analytical calculation of optimization of differential vias in high-speed PCB[J].
the mutual inductance of the coaxial spiral rectangular Journal of Electronic Measurement and Instrumentation,
coils [ J]. IEEE Transactions on Magnetics, 2014, 2020, 34(1): 90-96.

50(4) :1-6. [20] BRs, FMBZR, #5755 PCB Sk ol B fAf 4L 31

[12] KOCHETOV SV, LENE M. PEEC formulation based on P[], T HAEHTHIAR ,2009,28(3) :45-49.
dyadic green’ s functions for layered media in the time CHEN M, SUN X D, HUANG L P. Simplified
and frequency domains [ J ]. IEEE Transactions on calculation method of PCB conductor inductance [ J].
Electromagnetic Compatibility, 2008, 50(4) :953-965. New Technology of Electrical Engineering and Energy,

[13] DEMUROV A. Investigation of the impact of parasitic 2009, 28(3) . 45-49.
parameters on PCB performance by hybridization of 3D 1EEE N
quasistatic field solvers and MNA [ C ]. International =N A 2002 AE TV OR F R4S i+
Symposium  on  Electromagnetic =~ Compatibility-EMC A IR R A K, EENR T
EUROPE, 2017. 10T R SR

[14] LU J, BAI H, BROWN A. Design consideration of gate E-mail: cloudstone_yuan@ aliyun. com

driver circuits and PCB parasitic parameters of paralleled

E-mode GaN HEMTs in  zero-voltage-switching

Yuan Yisheng received his Ph. D. from
Zhejiang University in 2002. Now he is a



5 8 3]

FH 77 HL FEL % PCB ol 0] i RE 3 T I 52 - 183 -

professor at East China Jiaotong University. His main research
interests include power electronic systems and control.
ELE DR NS N X T R
A, EEMTFETT I R ST PCB AL
.,
E-mail ; 1308749000@ qq. com
Lan Mengluo is currently a M. Sec.
candidate at East China Jiaotong University.

Her main research interest includes power electronics PCB

electromagnetic interference.

XSTER, BT 2R 52 a8 R A 5 F 5
A, BRI TT 0 9 HL ST PCB AL
T
E-mail ; 2536248372@ qq. com

Liu Wengin is currently a M. Sec.
candidate at East China Jiaotong University.
His main research interest includes power electronics PCB

electromagnetic interference.



