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A Study on Reduction of Conducted—-Noise by the Expanded Node
- of the Forward Converter

Zmom e s
(Hee-Hoon Yi - Young-Ahn Kwon)

Abstract — The switch mode power supply is a source of EMI with other equipment as well as with its own proper operation
because of rapid changes in voltages and currents within a switching converter. The EMI is transmitted in two forms: radiated
and conducted. Conducted noise consists of two categories known as the differential mode and the common mode. Common
mode noise current is a major source of EMI in the switch mode power supply. Recently, a current balancing technique has
been studied to reduce the common mode noise. This paper investigates the reduction of common mode noise according to a
node expansion of the switch mode power supply which is based on a current balancing technique. In this paper, seven PCB
patterns of the forward converter are manufactured and experimented.
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Fig. 1 Measurement system of conducted noise
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Fig. 2 Noise equivalent circuit of LISN in the test frequency
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Fig. 3 Paths of CM and DM noise currents
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Fig. 4 Simulation of CM noise current balancing effect
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Fig. 6 CM noise level of the reference forward converter
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Fig. 10 CM noise level in the expanded primary (-) node

2% 1% 128 718 T9E Avee) 71E PCB A€ol
Wkl W7 22 &9 (+) ==EHYE Yol G B

9 %& 27447 PCB AEH o] A% TA= Avleld
A xolzBer|2 24 FEEE xolz ddg 242 b
Ehdich

{a) Top View )
a2y 1124 & (= &% PCB WE
Fig. 11 PCB pattern of the expanded secondary (+) node

3



BRAR WL 55B% 7TH 2006%F 7R

ey seans Pt $16 Wty
(Moo G loms w8 .

AN 56 i =5ed 0 R P T X Y
ey 30.00 Witx w100 Wt iney

%Y 12 2& & (+)cE EZE PCB W&o FEILE LO|=
Fig. 12 CM noise level in the expanded secondary (+) node

a9 13% 148 71& E4= AwE9 71Z PCB AHe
dsel WAyl 24 29 () xE=WAL Hode G @
& 37142 PCB A€# o] A%e TA= AuHAA =
oz ¥aNE 4% FERE ko= dWE 27 Y
.

(a) Top View {b) Bottom

a3y 13 2% £ ()= T PCB 1l d
Fig. 13 PCB pattern of the expanded secondary (-} node

a3 14 2% & ()= &% PCB #Ee Z&EEE LO[=
Fig. 14 CM noise level in the expanded secondary (-) node

g 159 162 71E X = 7vEHEY 7] PCB €
gt Waty) 13 B 2% Z9 () x==RYL izl
G, G, G 9 &% 27N PCB AW o B9 x4
= AWEN xolZPUr]Z F3Y FERE w02 o
e 77 vehdet,

373

‘fop View o

ad 15 1% # 2% £ (+)E &3 PCB WH
Fig. 15 PCB pattern of the expanded primary and secondary
{(+) node

e Nt -

1000 du¥  LOG 10 a8/ 0o

T
Pid

:Z‘ﬁn £ w : .m (LS _,,«,4;««5"&3“;;«
Ry 0,00 M2 wodd 100 it FYTT

a8 16 1A H 2XF £ (+)== EZE PCB #iHe 382
Lo|=

Fig. 16 CM noise level in the expanded primary and
secondary (+) node :

ag 179 18L& 71 E4= AvES 71F PCB #dd
et Wy 134 2 23 9 (o) x=RFE oo
G, G, G #& F7IA% PCB HEd o] H$9 XY=
AWE M wolZP 7|2 FAT FFRE xol2 HEE
ztzb b,

{b) Bottom View

(';) Top View
ag 17 1x ¥ 2% £ (= &#E PCB {d
Fig. 17 PCB pattern of the expanded primary and secondary
() node



wer s P2 976 Wt
0O MY 100G 100 0@ HES0 d¥

{
H i

i : I

i :

: Aoy ﬂ;
< i
WL i
AR

FEAXE e mx it 9 Kz Ly m—
sYor 30.00 Mz win 100 kit 1]

a2 18 1A U 2% & ()= &% PCB mjEe ZE2E
ro|l=

Fig. 18 CM noise level in the expanded primary and
secondary (-) node

=&EdA AFF 7717 PCB A¥e] XY= HAng
A A7 AEAnE FESY, dgr] 1A 2 24 & k=
2 FA33E= 494 71F PCB #H€e ¥£9= AvEHY F
SREE kolzs AolE Yehn ov AR x==33F
HA Rl wet e xol2 #HHES Yehilz Yok 71E PCB
HEe] 2 AvE S AMH oz sy & Ao § Ro|E
AL Wty 1, 28 &9 (»)x=WFL FAI a7 159
A$24 774 PCB #¥e] XY= AvHoA = w3
o] 7% W& Afoith 29 159 Zo] = Ao 93
o 714 AAANE27E FIHEHALSANE BTSSR kolZ7}
24 AL 2y 9 FFFE dHdLx PYPo| F
TR xo|ZE ZAAF=d dFo] YLE BAFED

58 B

& dv/dt R difdt §9E& 7HAh o]2 Qld AAYsE nE
st A HeE E£Fse], SMPSE W3E A
AR T2 e Yo7 A &
=R E A7 AA3A EMIY F2 dde] HE SMPS
AN A=A xolzg ATHIUTG. & =¥IMd= A=A
xolZ 2 g o, ko2 AFY FIIIEE &
SMPS®] 12 R 234 9 k& #Po] BE FTRE x|
Z &g AT °lE A3 SMPSS A EAHZA
77kA PCB #€e 2= AvHE Ay 4398 53
stglen] W] 1, 23 &9 (H=EUHE &3 PCB I
g9 2= ZuEdN 71 PCB HY9] FFEE xo|2
g Ao 7 2 AelE HEhZ A °jRL ==
AHo] 713 2 B4+2A ZNAAANESY WF g% ¥
BEE UWds HYPo) FFEE xo|2E FaATEH
FEo] V&S UEhdnh

o

e 2
| =R FAUSE A4HA FEATHED

ZYE HEie) =S &F o) o8t MEYN To|= o] e AP

Trans. KIEE. Vol. 55B, No. 7, JUL, 2006

it

2 2 o8

[1] C.R.Paul, Introduction to Electromagnetic Compatibility,
John Wiley & Sons, 1992

[2] KHBillings, Switchmode Power Supply Handbook,
McGraw-Hill, 1999

[3] N.Mohan, T.M.Undeland, and W.P.Robbins, Pawer Electronics:
Converters, Applications, and Design, John Wiley &
Sons, 2003

[4] HW.Ott, Noise Reduction Techniques in Electronic
Systems, John Wiley & Sons, 1988

[6} CRPaul and K.B.Hardin, "Diagnosis and Reduction of
Conducted Noise Emission, Electromagnetic Compatibility,”
IEEE, Electromag Comput, Vol. 30, No. 4, pp.553-560,
1988

[6] T.Guo, D.Y.Chen and F.CLee, "Diagnosis of Power
Supply Conducted EMI wusing a Noise Separator,”
IEEE/APEC, pp.259-266, 1995

{7] T.Guo, D.Y.Chen and F.C.Lee, “Separation of the Common
Mode and Differential Mode Conducted EMI Noise,”
Power Electronics, IEEE, PE-11, No.30, pp.480-488, 1996

[8] F.U.Shih, D.Y.Chen, Y.P.Wu and Y.T.Chen, "A Procedure
for Designing EMI Filters for AC Line Applications,”
IEEE, PE-11, No.l, pp.170-181, 1996

[9] W.Xin, N.K.Poon, CM.Lee, M.H.Pong and Z.Qian, "A Study
of Common Mode Noise in Switching Power Supply from a
Current Balancing Viewpoint,” IEEE/PEDS, pp.621-625, 1999

{10} L. Tihanyi, Electromagnetic Compatibility in Power
Electronics, IEEE Press, 1995

of 8| & (¥ B ®)
1973 49 2094, 1994 39 A7F
g3 4. 20033 A EY [A7FE
7 EA(F4Y). 20033 ~EA FUAEFH
(F) @7 MEFSER A Y
Tel : 031-368-7772
Fax : 031-368-6788
E-mail : sidearms@hyundai-motor.com

HI e BB
1955 8¥ 299 A, 197843 AME&d A7) F
3 4. 19869 5 dstd A2
EA4(FH). 19873 ~@A FAt A=A
BATER 25, 23 AFEH € FRF
A Qd7s 47
Tel : 051-510-2372
Fax : 051-513-0212
E-mail : yakwon@pusan.ac.kr

379



