http://www.chinaaet.com %ﬁgﬁw
BRRE

*
1 1,2 3 1 3
b b b b
(1. , 510006 ;2. , 510006 ;
3. , 510006)
N o , MOSFET
° Slwave PCB s
5W , o
, 230 MHz 3m , )
; MOSFET
: TN86 : A DOI:10.16157/j.issn.0258-7998.211471
, , s [J]. ,2021,47(7) -

5-11.
: Wu Jiancheng, Yang Ru, Yu Liande, et al. Research on board level radiation of flyback converter based on field

circuit coupling[J]. Application of Electronic Technique ,2021,47(7):5-11.
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Abstract: Radiation interference is one of the bottlenecks that restrict the high frequency and miniaturization of power products.
Based on the simulation idea of field circuit coupling, the electromagnetic field finite element model of MOSFET and the equivalent
high frequency circuit model of high frequency transformer are established. Combined with the PCB network parameters extracted
from Slwave,the board level radiation interference of a 5 W output flyback converter is co—simulated, and the influence of two high
frequency transformer models on the far—field simulation results is compared. The experimental results show that the simulation re-
sults of 3 m far—field within 230 MHz are in good agreement with the measured results, which verifies the correctness of the simu-
lation method, and the simplified two capacitance model of transformer has wider applicability; the obtained near—field electromag-
netic field distribution shows that MOSFET is the main source of electric field radiation, and the rectifier diode at the secondary
side of transformer is the main source of magnetic field radiation.

Key words ; switching mode power supply ; flyback converter ; radiation interference ; field circuit coupling

0 , 230 MHz 2,

\ 5 s

(EMI) o (3-61_
, PCB ,
o GB9254-2008 , -8t
30 MHz~1 GHz o [9]
100 kHz~200 MHz ,
* : (2017B030312001 ) CST

) 2021 47 7 — 05
m

http://www.chinaaet.co



SR 5 B 1B

http://www.chinaaet.com

BEAREE |

, 200 MHz 3m
, 10~15 dBuV , HEB
. [ 10] (Circuit Designer)
Cadence  Ansoft Designer, LLC PCB
s PCB
3
ANSYS Slwave \HFSS  Circuit Designer E&]\gg;é% ey
s MOSFET (HESS) (Slwave)
,  HFSS H
Pspice s s 5W
, 230 MHz
, 3m ,
; 2
1 2
1.1 2.1 MOSFET
SW ; MOSFET IRFBE30PBF , T0220
1 . 220 V : . N MOSFET,
5V/1A S 1.67 mH, Vi 800 V, I, 4.1A,
100 pH, (DCM), 125 W,
150 kHz , MOSFET ,PWM , ,
13% . TILA31 R
EL817 s PWM A
9 r =
. MOSFET IRFBE30 , D, " om
F7A; D, Dy, (2
SM560A . 30 MHz~1 GHz,
R, (2 4.77 em(f=1 GHz ) S
3(a) ,
£ % €19 L Cou R ’ '
470 pr 1500 (" MOSFET
220V 4~ s 3(b) s
10 uF PCB ° )
T 1 il | Emi s | - T
1 h
!
1.2 =
2 ,HFSS  Slwave MOSFET  PCB T 1
AW 2 A
s MOSFET S PCB et
S ; S Circuit Designer
13
H S
Slwave ; Slwave Circuit Designer X
, (a) (b)MOSFET

06 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

5190 5 0

HEARER | RF and Microwave
MOSFET 3 o
[1s]
MOSFET 5 N L, L
, , s Lo gea < Lt
o ,C,.C , Ci
. MOSFET ; R, .R.
MOSFET 3 ; s
(31 s TO220 LCR BODE100 S
s MOSFET 3 3 1,
o PCB Lumped Corp|
port ,  HFSS MOSFET R, TP | R R
o Teminal , —
S , 4 G, :I: Ly
< Pri GND Sec GND _L
5
2
1
195}
L,/mH 1.696 9
L/pH 6.68
Ly tea/ mH 0.119 63
/GHz L./ pH 0.62
C,/pF 114.671
(2)MOSFET S C./nF 376.237
E Field [Vim] C,./pF 17.335
.""““’ R,/Q 9.291 7
oear o1k R/Q 0.120 54
29019 9414 6(&) ’ [3]
e snes , 6(b)
I 00000 A
- CAD
V.
+
s Cop
(b)MOSFET B b
4 MOSFET Sec GND = GND
(a) (b)
4(a) , S , 1GHz
6
,d.s 0,
0, , - 6(b) 5 ,Cr
4(b) ) ) , Gy,
d o o C,—\I) CBD A N D
2.2 B.D )
e , . LCR ,
, Cr  17.335pF,C,  15.665 pF,

) 2021 47 7

http://www.chinaaet.com

— 07



5190 5 5 B

http://www.chinaaet.com

o
Cay=Cr—Cyp (1)
h: Cuw 2) Slwave . Circuit Designer
Vg Crt Gy , Push Excitations
KE‘: :% (3) siwaveresults , Slwave
! | ph ( 6 A ;(6)  Slwave  Electronics Desktop
B ) 10 V/150 kHz , Vs 32 °
Vs VioaVia ; 7 ° (2). g 3m
) ’CT 1?;;3[);9’ pF Lg];;: 14.85pFo Co 17.;:;[)5 oF ' ( Slwave 7 Compute Far Field”
5.4%), ) ) ,
. 120 MHz )
! o
o C Vm=l2V] 80
Vo ¥ Voa=054 V
soomiity o\ SN L LN
(500‘%%) ’y | v \/ \{::/ 5
: o o | %
125 ws/i)
(a)Vee Vi
(Zv;gﬁ] Var=104 ¥ Va1V
Vou! pr=1.
500 mVi;
: A |
£
(2.5 ws/tf) E
(b)Vas Vg g/
7
3 ) - )
3.1 10° 10°
2 , (1) Altium IMHz
Designer PCB .anf s (b) 3m
Slwave , .siw ;(2) .anf 8 3m
PCB s Slwave PCB
RLC ; o Slwave
(3) PCB ” Compute Near Field” , Circuit Designer
, “Compute SYZ Parameters” ) 30 MHz~1 GHz,
S ; (4) Circuit 30 MHz 9 )
Designer s 10 ° ,
S R Slwave , o 9 s
PCB S HFSS MOSFET S MOSFET , 10
Circuit Designer ,  HFSS o
MOSFET S , 4
,  MOSFET PSpice 11 3m o
;(5) S N PSpice s 230 MHz o

08 —www.ChinaAET.com

http://www.chinaaet.com




http://www.chinaaet.com ﬂﬂ'ﬁ_tj ﬁ 7&
BRBE

+1899 V/m

+1662 Vim

+1424 V/m

+1.187 Vfm

+9495E-01 Vim

+7121E-01 Vfm

+4.748E 01 V/m

+2374E 01 V/m

+3.0006+07Hz
+L565E 06 V/m  +3000E+07Hz

+3000E+11H:

+1.584E-02 V/m
+1.3956-02 W/m
+1.196E-02 V/m
+9.964E-03 V/m
+797T1E-03 V/m
+5.97BE-03 V/m
+3.986E-03 V/m

+1.993E-03 V/m
+3000E+ 07z

+3BO0BE-D9V/m  «30006+07vz

(b)

+1.224E-01 A/m
+L071E-01 A/m
+9.177E-02 A/m
+7.648E-02 A/m
+6.118E-02 A/m
+4.589E-02 A/m

+3.059E 02 Afm

1L530E 02 Afm
+ 10008 +0THz +3000E+11Hz

+2.200F 09 AfM +3000E+0THz

+3564E-02 Afm

+3.119E-02 Afm

+2673E-02 A/m

+2.228E-02 A/m

1.782E-02 A/m

+1337E-02 A/m

+B.911E-03 A/m

+4456E-03 Afm
+ 4 000K+ 07Hz +1.000€ +09Hz

S2TUETIA/m oo
(b)
10

230 MHz ) ,

) 2021 47 7 —09

http://www.chinaaet.com



5190 5 5 B

http://www.chinaaet.com

RF and Microwave BERELE |
100 R T 5
dBuVjm ' ‘ ' - H
a0 . : — : MOSFET 3 3 ,
= EEEIEECERER T U , d
= oA, \ : L . )
z w i< R u-\},\ - | ; Circuit Designer Slwave . HFSS
g8 wAA TN VR L
o= a0 ]'\H W : : , 3m ,
0 HI S S S : R s
30 O MHS 1000MHz 530 Mily ;
(a)
100 T 11 , MOSFET
dBu¥im
80 i : P ) ,
E i—i e ; — EMC MOSFET
S el R R
g AW N e °
& ol Y \f\:\l -
E I N O O AN S S S O
20 I \:’\ w : [1] Yao Juntao, Wang Shuo ,Zhao Hui.Measurement techniques
L AN S S S of common mode currents, voltages, and impedances in a
D_'"] r o~ : ’ ,:.].1.:],.,.“2 flyback converter for radiated EMI diagnisis[J].IEEE Trans—
=2 MH,
. ‘ actions on Electromagnetic Compatibility , 2019 ,61(6):
(b) 321997.
,2016.
2 230 MHz [3] Li Yiming,Zhang Huan, Wang Shuo, et al.Investigating
/MHz /(dBuV/m) switching transformers for common mode EMI reduction to
42.5 44.6 remove common mode EMI filters and Y —capacitors in
s 2512 s :zi flyback converters[J].IEEE Journal of Emerging and Selected
’ ' Topics in Power Electronics, 2018 ,6(4):2287-2301.
60 49.4 4
" 4 4 L ).
95.375 50.7 ,2019,34(22):4795-4802.
141.75 51.6 [5] Yao Juntao, Li Yiming,Zhao Hui,et al.Modeling and
156.375 55.9 reduction of radiated common mode current in flyback
161.062 5 48.7 converters[ C].2018 IEEE ECCE , 2018 :6613-6620.
193 45.1 [6] , , .o
1. ,2012,31(3)
) 12 ° ) 25-30.
) [7] MOONEN N,BUESINK F,LEFERINK F.Enhanced circuit
o simulation using mutual coupling parameters obtained via
9(b) 10(b) , MOSFET 3D field extraction[C]. Asia—pacific International Symposium
R on Electromagnetic Compatibility , 2016.
(8] . , : FDTD
20 ' - ' [J]. ,2011,30(3):51-54.
_a6f e = [9] , L
8 : [C].2015
= ’ ey
2 172-178.
=
B [10] S . PCB
[J]. ,2014,3(2):20-26.
[11] . [M]. : )
0 . ‘ . 1993.
40 80 120 160 200 [12] , , . [M].
/MHz : ,2010.
12 3m [13] LI Q,ZHAL G, WANG S.Reliability research on power

10 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

BEAREE |

S5 5

MOSFET using coupled electrical —thermal —mechanical
analysis[C].Proceedings of the IEEE 2012 Prognostics and
System Health Management Conference(PHM-2012 Beijing),
2012.

[14] , ) )

[J]. .

2020, 35(24) :5057-5063.

[15] . AC/DC

EMI  [D]. ,2020.

( .2021-03-08)

(1995-), , 5
(1971-), .,
, E—mail : yangru@gzhu.edu.cn ,

(1951-), , ,

K SO0 000000000 0000000000000 00000000000 000000

( 4 )
100 [
ook Yos=28 V, 5y=0.4 A
80 —
70 ‘
B 6o
& sof
WF e MA-cOMBER e FIS I
30k
20 '
=% 50 e 70 80 %
f/MHz
12
30~90 MHz ,
, 60 W,
3
MOS , :
28V
, , 60 MHz
87 W, 18.4 dB,
72.4%; 30~90 MHz ,
19 dB,
[1] , , . .400MHz,CW 300W VDMOS
1. ,2000(2) : 26-28.
[2] , , , VDMOS
1. L2011, 48(10): 623-629 , 673.

[3] RAAB F H,CAVERLY R,CAMPBELL R,et al.HF, VHF,
and UHF systems and technology[J].IEEE Transactions on
Microwave Theory and Techniques, 2002 ,50(3):888-899.

[4] FARHADI R, FARHADI B.Optimization of vertical double—
diffused metal—oxide semiconductor(VDMOS) power transistor

structure for use in high frequencies and medical devices[J].

Electronic Physician, 2014 ,6(2):816-819.

[S] RAMARAO B V,MISHRA J K,PANDE M, et al.Comparison
study of LDMOS and VDMOS technologies for RF power
amplifiers| C].57th DAE Solid State Physics Symposium.
Indian Inst Technol , Bombay , INDIA , 2012 : 492-493.

(6] . DMOSFET [1]. ,
2020(7): 52-55.
[7] . [D].
: ,2016.
(8] , , 1GHz MOSFET [].

,2000(1):23-25.
[9] , , .530~650MHz 20W CW Si-VDMOS
[J]. ,2009,29(2):
192-194,286.

[10] REN M,CHEN Z ,NIU B,et al.A low miller capacitance
VDMOS with shield gate and oxide trench[C].2016 IEEE
International Nanoelectronics Conference (INEC).Chengdu ,
2016 : 1-2.

[11] CHEN Q,FENG Q.Impact of the parasitic capacitances
with the change of distance between gates of the split—gate
VDMOS[C].World Automation Congress 2012, Puerto Vallarta,
Mexico , 2012 . 1-4.

[12] , , . Trench MOSFET
[1]. ,2008(7) : 380-382 , 386.
[13] . [M]. ,
. : ,2006.

[14] XU S M,REN C H,FOO P D,et al.Dummy gated radio
frequency VDMOSFET with high breakdown voltage and
low feedback capacitance[C].12th International Symposium
on Power Semiconductor Devices & ICs.Proceedings.
Toulouse , France , 2000 ;: 385-388.

[15] . VDMOS [D].

,2009.
( :2020-12-10)

(1994-),

) 2021 47 7

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





