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Abstract: An evaluation platform for the CM noise suppression characteristics of high-frequency transformer was

established, which was suitable for batch applications in engineering. The conduction mechanism of common-mode(CM)

noise in a transformer was analyzed, and the conduction characteristics of CM noise along the coupling path in the

transformer was investigated for evaluating the transformer’s capability of suppressing the CM noise. First, a function

generator was used to generate a high-frequency voltage pulsation signal, which was assigned on the primary winding of

the transformer to simulate the transmission characteristics of CM noise. Then, an oscilloscope was used to capture the

voltage drop generated by the CM signal on the sampling resistor to judge the suppression effect of the transformer on

the CM noise, so as to analyze the influence of the sampling resistor selection on the evaluation results. The effectiveness

of the proposed evaluation method for the CM noise suppression characteristics of transformer was verified by comparing

the evaluation results with the test results of conducted electromagnetic interference spectrum.
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Fig. 1 Electromagnetic field distribution in high-

frequency transformer
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Fig. 2 Transmission mechanism of CM noise
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Fig. 3 Modeling of conducted CM noise characteristics

for transformer
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Fig. 4 Evaluation method of CM noise suppression

characteristics of transformer
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Fig. 6 Simple evaluation method for CM noise

suppression characteristics of transformer
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Fig. 7 Equivalent CM noise circuit model of

flyback converter

K7 (a) =2l T A R0R BR AL, 3. I
i SG B H: 5 KM G AHIE , 45 320 RN @ 2
Z [BIAHBE 1 4~ LISN, 7E 150 kHz~30 MHz,0.1 wF
HL 28 AR I BETA R 0, FL H AR R e 1) i 2%
HHE R mA HE R A AR LISN AT
R /IN(LISN Z5500F 2 4~ 50 Q HLFHIFER) , PR e Xt
TR =4 B Dy R A A i | B3 2 [ B b
Ri2EIEHR 0,



555 4]

ST, 55 RAL A A% AR 00T S DA 41

P 7 (b) I 7 il 7 S5 28 R AR
B I3 5 A M 2 TR AFAE AT LA Coo, MR
b SG 5 LM PG Z AR ZE V,y W IR N

~ 25+1/(joCs:) )
LU (jwCy)+25+1/(joCs) | °

A7) AT 22 V32 Coo BN Co SRR,

H 78 s i LA T R ST ) B H A
i R ARG 7 o T R 2 1 28 P25 (AT e/
Co M), B TEARY Co LM/ NI, AT LA 2 OC R

1 1
. >25+- 8

120 (7) A (8) RIHN, SH78 SR AR B Co {RLT 12
A (8) UL R Z (Al A ML FRLA 22 Vo TR 0,

L LR  HLBH R, BOBHAE PRI - 7ERE 2t
R, EHURFER/ MRS T, R, BB /S AT
AE/IN, MRIEIS Bl 2 [R] A R 22 AT B A 0, DA
T E LS R AR AL e A LR P A R PE A AR T
YR PPA A2 e (9 AR P e

Va

4 SCIRIGIE

RS IE T HR S i AR R R P A ik
A SO, LA 28 73 Ar A Sy il £ 235 SR S ufe , DNl 4t 3
MR GEL 287 578 Rt (14 24 3#) T RAEHLFH
R, EMYHLIE, 3 ARG )2 BT Nk 1 fr
7, Hid 14 2# 3# AR RIS 5 R4k 8.
10,12 [ ;£5)2% PCB ZRAI 25K AN 8 i,

9 Al IO 6, Horb s BUR A= 4
Al W5 e A B R A S DU Ry 4 VAR Ny
85 kHz,

& 10 9 4R EEHLBH R,=10 kQ |3 PSR 8%
JEASRA R v, JCHBH R, L RHLE v K, ATLA
B R 1# 24 34 A8 FEARET HBH R, LAY HLEDE
T RUEIEAE 535910 9.35.55 mV, B 1# ZF R gR A
THRSOR B, 3# 78 e MR ROR fie 22, 2# 78 e
AR fE

B 11 AR R,=50 Q B, 3 48 A%
NEEHHE v, XHFH R, FIHIE 0 80E , KK
3R, REEHEBH R, B iR I I 616 34

N 2mV, XgE TR R, ABAEZEBGET /N &
S R PO R A R h ek R > B R R,
R B IEIE{

x1 TEHRSKEARBINF

Tab. 1 Winding stacking sequence of transformer

A
! I TR 2eH ZEh
e s AR T
JEZ)
1 Fil14  20zx045 mm 5 AR
2 B3 20mx045 mm 5 AR
JRih 3 WENZEAE 2 0zx045 mm 5 JEEHEE
4 Fritk )= 2 0zx2.90 mm 1 iR 4Er
5 FMELE 2 02x0.15 mm 10 R4
6 BIHZEH 3 2 02x0.124 mm 1 R
- 7 RIAZEH 1 2 02x0.147 mm 1 JAFEF
Al 8  FILZEH 4 2 02x0.124 mm 1 L
9 RIHZELH 2 2 02x0.147 mm 1 A
10 R#E 20290 mm 1 JFAFEF
Fio11 Bl 20zx045mm 5 JEFEE
12 B2 20zx045mm 5 JEFEE

8 &E PCB AL
Fig. 8 Winding structure of each layer of PCB

B9 BT ENLTAE
Fig. 9 Test platform for simple evaluation method
P 12 SR FH 265 20 A ASCI 145 21 ) A2 e A 3
MR LR 2k AR I (6)THATAR: 14 24 34
AR R AS XTI ) Co {E 53934 0.178.1.680,3.990 pF,
5 10 FrRiiEEEs R —2,



) IR - H22%
N A =RENEEA PERT DI ADH e B ML AR P K- kS i H BT
&.\ / \\‘ A \ / 1 — \ SO Y
S sanhd PR L TR
= ‘4 40
§ - 10 |Je 2] | b Pl [
<
/(3.5 ps/tk) 3 | \ L s
(a)1# A JEA} ?: ?g A Al
. P PR
T . A N %
L TFRATA s A ATA Ol | |
S VAN g 0 INA TN V| 0.15 1 10 30
=E I \Za \ SE Y Y1 7 B2 /MHy,
(:l/% ................. / TR “ g/% : Loty
e B VAV AN 13 SR 12434 IR TIEH HHR A
(3.5 ps/tt) (3.5 psitf) Fig. 13 Measured CM noise spectra for
(b)2# 75 1 4% (c)3# 25 i three transformers

10 EFE R,=10 kO FTHMELE R

Fig. 10 Measurement result under resistance R,=10 k)

& ANPRZN /
g£= |/ N |/ \| /
=E T
[ =4 1
- T
;;‘\; Ak
S s
/(2.8 ps/tg)
(a) 1# LAY
—~ h\ ! — \ | / /
g/ X g XU U
=E =8 |
LR T QR !
/(2.8 ws/t) /(2.8 ps/t)
(b)2# 7ZJRfs (c)3# A RS

E 11 HFEAR=50 Q FHEMNELER

Fig. 11 Measurement result under resistance R,=50 ()

ool m "‘:: :
2 b DU
T Rf -
:,? S 24
B
-100 M_ "
bo-o-3# R
2x10° 4%10°  6x10° 8x10° 10°

PRz
Bl 12 TE[HLEESE ERRr gk
Fig. 12 Curves for CM noise transmission

characteristics of transformers
N LR PG T VR B R S
WL IRTE 3 MOR[RVAR R 48 T A% S B T
W13 [z, I« 14 7228 e X oy 0 e ) M P 51
TEACT R, TT 34 748 s g0 I 00 ) MR P A e
1 o X — IG5 e A BRI P P DA 45
SEE—E, P, PEAG L R s LA A A4 o

5 &g

ARSI T R e A iR A5 S LR I AL B
6 I BITA SR 4L 8] 4 73 A L A 2 A L 7
AR RS A, BIPSE T I S AR A R
ARG T AR B R S5

(1) 728 s A BRI 52 R R 37 | R 90 2 0 — 1k
ISR ARER G, SR AR MRS IR 75 A2 D — A
EIRERGIR,

(2)FE T SR AL A R R PP A
SR T UK T 00 2 e 45 9 S R AR IR 75 Sl S R
B ARAFAE TR AR AN 1 HELAHEA TR R TR
HBIAL,

(3) B ae R A A L Iy AU [ SR )= B
T5 B2 | R S 4R 18] ) RS o3 A E T R
M A2 s B AL RS

(4) SR AL Fi L P BELAEL B BB L R R R VA 245 2
HERRYE | BELOE R OR UE REAS I i 1 L R O i T 1k
BUGRATHE/ N

B3k

[1] Zhang Boyi, Wang Shuo. A survey of EMI research in power
electronics systems with wide-bandgap semiconductor dev-
ices [J]. IEEE Journal of Emerging and Selected Topics in
Power Electronics, 2020, 8(1): 626-643.

(2] #iE2E, yAag 2. NI T 4R 8 s LY — AR DU e il 25 3
PR PR PR Rl e 7 ZE ARG S B 22 LA
S RHLER /0L, LI 4E, 20220 1-11(2022-08-18)




555 4]

ST, 55 RAL A A% AR 00T S DA 43

[2024-03-22]. http:// kns.cnki.net/kems/detail/12.1420.TM.
20220818.1101.004.html.

YANG Haijun, LU Zengyi. Integration of DM and CM
chokes for 3P4W in the application of on-board charger: In-
tegration of DM and CM chokes with quasi-cross DM mag-
netic bra-nches [J/OL]. Journal of Power Supply, 2022: 1-11
(2022-08-18)[2024-03-22]. http://kns.cnki.net/kems/detail/
12.1420.TM.20 220818.1101.004.himl (in Chinese).

[3] Takongmo M, Zhang Chenhui, Wdaan S, et al. Parallel-con-
nected voltage source converters with a DC common mode
and an AC differential mode PWM filter [J]. IEEE Transac-
tions on Power Electronics, 2023, 38(3): 3664-3675.

(4] R, ABCH, 7B, 5. AR AR I EMI S

A TINS5 PRI /0L HL RS, 2023: 1-12(2023-06-20)
[2024-03-24]. http://kns.cnkinet’kems/detail/12.1420.tm.202
30619.1715.012.html.
WU Yuezhe, ZHENG Chengjun, DU Zikai, et al. Common-
mode EMI noise prediction and suppression for push-pull
converter [JJOL]. Journal of Power Supply, 2023: 1-12 (2023-
06-20) [2024-03-24]. http://kns.cnki.net/kems/detail/12.14
20.tm.20230619.1715.012.html (in Chinese).

[5] il TROR, #OLA, S5, HL T R RE D7 ELRCOE AP TR T

R T PRy i B )] A RO 3R,
2020, 35(24): 5057-5063.
Gao Lu, Xu Ce, Dong Guangdong, et al. Common mode
electro-magnetic interference modeling method of planar
transformers based on CST software and its application [J].
Transactions of China Electrotechnical Society, 2020, 35
(24): 5057-5063 (in Chinese).

[6] Yao Juntao, Wang Shuo, Luo Zheng. Modeling, analysis, and
reduction of radiated EMI due to the voltage across input and
output cables in an automotive non-isolated power converter
[J]. ITEEE Transactions on Power Electronics, 2022, 37 (5):
5455-5465.

[7] Fu Kaining, Qiu Zhiyong, Zhang Qiang, et al. An equiva-
lent transformer capacitance model analysis method for
CM noise conduction [C}/ Frontier Academic Forum of Elec-
trical Engineering(FAFEE2022). Singapore: Springer, 2023:
731-738.

[8] Fu Kaining, Dai Linshan, Lan Wei. Modeling and analysis

of CM noise behaviors of transformers in power converters

[J]. Journal of Electrical Engineering & Technology, 2024,
19(1): 297-310.

[9] Negri S, Spadacini G, Grassi F, et al. Prediction of EMI
filter attenuation in power-electronic converters via circuit
simulation [J]. IEEE Transactions on Electromagnetic Com-
patibility, 2022, 64(4): 1086-1096.

[10] Zhang Shuaitao, Lin Qiang, Noge Y, et al. Developed
common mode noise modeling approach for DC-DC fly-
back converters [J]. IEEE Letters on Electromagnetic Com-
patibility Practice and Applications, 2020, 2(4): 147-151.

[11] Li Yiming, Wang Shuo, Sheng Honggang, et al. Investigate
and reduce capacitive couplings in a flyback adapter with a
DC-bus filter to reduce EMI [J]. IEEE Transactions on Power
Electronics, 2020, 35(7): 6963-6973.

[12] Xie Lihong, Ruan Xinbo, Zhu Haonan, et al. Hybrid pas-
sive cancelation method for reducing common-mode noise
in isolated power converters [J]. IEEE Transactions on Power
Electronics, 2021, 36(1): 391400.

[13] Yao Juntao, Li Yiming, Wang Shuo, et al. Modeling and
reduction of radiated EMI in a GaN IC-based active clamp
flyback adapter [J]. IEEE Transactions on Power Electron-
ics, 2021, 36(5): 5440-5449.

[14] Chen Henglin, Liu Guanchen. Determination of the width
of shielding foil in sandwiched winding transformer for
minimizing common mode EMI of flyback converters [J].
IEEE Transactions on Electromagnetic Compatibility, 2020,
62(2): 639-642.

[15] Fu Kaining, Chen Wei. High side flyback circuit configu-
ration for CM noise cancellation [J]. Journal of Power Elec-

tronics, 2020, 20(5): 1306-1315.

EERN .

8T (1993—), 5 W E A A4
SEARTES B YR, BFFE 51 . H
HLF i R . E-mail: 18606939490@
163.com,

IRULHE(2001—) , 55 B-EAESE A BF
FEITI HL O H T R ARG R . E-mail: 109
2111621@qq.com.

PR (1958—), 55 i+ 4%, WF5E
1] BT PR R . E-mail: chw@

fzu.edu.com,

(AR



