SMPSOIA EMI Noise 2HI2l 211 oiZ&

SMPS(Switching Mode Power Supply)= OIS0 A 2015t<0l A& (switching)2 Jle S&<2
2 ol= 20171 &0 =0ol=(noise)llM XRE2 == SICI. SMPSUHIA &M= L0lZx= &
S22 Bt ®<(conduct) T AL SIIE SoHA ZAt(radiation)ElCt. 22 AIZE0l 0l =01 2
H =20 =XE &€=0, 1 018= S0l20 oA & 227 HE0ICH 8 =Me, A =0l
of SMe =X, dMeE L0l=29 E40| HMX, D2l SO0l=IJF HHEH dML0l Sl=Xl Sol T
oA Jl=stCt d2lD HEHN HESHH S0I2E HHME = JA=XNU M 92 st &
Ol gal Rl SEH0 HolM 2™ 22 &= 20l HgX 2= AH0IC0H
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X
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=

1X} O] = x| CHx4

EUX|AE] LO|Z K|

CHO|RE LO|= HX|H

2%} £ O|= YA CYH(ZE AFR)

CM LOo|= ZH

DM LO|= ZH

LCEH

3X} LO|= HIX| C{X(Shielding) ..
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LO|== 3N 27K 2 22 =
Lh= CM(Common Mode) =01=(2

|A
OR¥

=
TT

L0lZx2

tLI= DM(Differential Mode) =01=0|22(0& 1a),
1b)0| C}.

ol

Ct

v

o
2l
o

AC Line
SMPS Circuit
— — — — — N — — — — —
ol ¢
- --— --— --— <+ - --— --— --— -—
S S
8. 1a
AC Line
SMPS Circuit
— > > > > > > > —» — > | —» ¢
<O | t )
— — — — — — —» —> ¢
stray **T stray ——
capacitance| \V/aY! capacitancefﬂ
\j
77 4 4 4 -4 e - - - -— 77
. 1b
DM LOlZ= HIA(ES MF)E8 B30t S 2ol Alolol 3 XH(VpwE RYodle =O0IEZ2
T o2 s2= MR A2 B &2 XD UL H(E2 aF)o s§BE F T4 2H)
gtek0l BHiHet=E B 0N SASHRIE, S 0/X= &otAl 2= H20I2t= &0l AA G2C
CM L0lZx=, M2Jt 2cdiMdE ¢ € Oet2S(earth 2 AAl d2t2E)Z SS0 WetM, &
HA(E2 UF)E8 s=ote & eolg SolM E2IF £2f, & 2ol Jet2& Aol M0l &
Mol= SO0IX0ICH MetA & el S2&= M5 90| =20t da UM, Veu 0V
Jb EIO{0F SFRIBH CM 0| 2D0F ZHAMGHH Vw2 0VIE OfLICE.
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DM *=0I£

MOSFETOIL} diodell A& AR X HEE (magnetic coupling) i 20 A4 sHCEH

LO0IE MRE loadll 2ESHL, L2t Cpol FES LECHIE 2). Cp2 ESRI ESL HHE0H Cp
o 450l EHXY DM 0lx2= SItett

__Cp Converter

g2
linelt neutral AFOIS O™ HZ(path)lIM =0l= HMUHXIE A28HCH

WESH LO|XR AR COILE2 p-n junctions 11

breakdownAlZ == QUCH.

o

2 U1, transformer insulation2

DM &&= F2 N0 HA0M SHE L2210

OM L0lZ2= EH W= Jtsattt

CM 0|

=2 ARZE M0l ENMot= R0l capacitive coupling pathot Jdt2&2 &85 ™H CM L0l

AIJF 2MSHCH OI2ATH, high frequency A &0| transformerZ coupling® 4Lt parasitic 2
y capacitanceZ JI& ZZ2(path)2 M2t 2 M CM S 0| =D} ZASHCE,

@]
<
Iy
S}
I
rir
r

etib J| M capacitanceOll 2| =8tCh.

Stray capacitancezs & 2t

Jon
ro

21 ground 2HHE 4 2 = ULt

Ct2st stray path IH20 CM =0lX2E WZ=oldls 1 {EL.
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0|28 &E

101 QAE dXE &o
Z HAZN F2 8Y EI|E St

.

8.3

0l2= 150kHz ~ 30MHz

N A

gEE &
SAb C0IRE XD SH4

& |
=Q0GtCH A

S

—

=

d=01 F=K0otd,
¢ CM 0| =0ICt.

2AH 01X

2 T M (conducton2 EA 82 MY TIIE 512, 1 3

= 30MHz ~
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L0229 &M

EMXIAHE on/off 8t A(switching)2 1DF0 L0|XE KLUSHCH EMXAEDI off &=
EFOIZO, =& di/dt= voltage spike?t ringings SEsHCHIOE 4). EJHIAESL draindt
source ALOIS) HHVDS)2 =2 dv/dt S4S 21D JASBZ, switching A0l M= L0|=

= 2 2 < 0IX0IC.

Drain High
Voltage dv/dt i

1
A b \L :l: b

Primary _High
Current & dildt R
L
I I
i .
P R . - — = - .-* I‘H.-.. - .‘ -
'
g 4

2XF SOl U= AF U0ILE2 WE rising el faling 88% =0|=

— AN

U
4
<
)
T
D
QO
@
2}
=~
S
I
]

noisydt sourcelll HAZ = MIIXIS tabe 2 A L 0IX2 OHHILIDL
TS OHHILE S 3t= HHOF =L

SOIZ0H D EHAEZMHE ©X coupling capacitorOIBEZ, EALNE LO0|XIJF &Y
C= B2E M2 = AU, =2 dv/dt2 JHE MOSFETY drain & ZQENA EMALNE=
A 82& = U= capacitive pathOlC.

AN
4?\ # To Qutput
I

Y-Capacitor
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11X 0l= &X CHE

L3 u -— -—
(Noise SourceOl A =0|= ZM X|AF})

LORE U= JIE E2 Y9H2 L0|X AANA LMEE S0/X2E F A5 ot 2H0ICH O™
H oHE L0lXDJF 38, HEHE AE26H =0/X2E dMotld, delE o 2 AL & E(shield)S
AZBICH 0] =ME X2l A2 e Eoltt

E#MXAEH L0|X 82X

EHIAHS F_—v—m LOIXE Parallel a hiah Snubb

o - arallel a hig nubber on
=01 Tl OH_M . S dv/dt O_E frequency capacitor primary side
= Jisst & _’EI_/.: b =00k St .
CHOE 6). 2RIt B0 L0|X | —— i
£ YAStE ot”HILE A & I +
H=EC 4 U I T
2 di/dt loops EAIElS R L | | SN
agnetic field0ll J1215tH =0l l Mlnlmlze I . Make high dv/dt
5% S22, loop HHE : | bulk * lead as short as

ol 2y mt = = capacitor possible

=3 35 x =13 2|
Jbsgt & z43 SCHIOE 6) I | Esr

Decoupling ds2 = U3t ot | +
Jl ol A capacitor® ESRZ2 : | |
ZAg SO{0F SHCHOE 6).

i —

AU (snubbern & =O0tA Make high di/dt loop area as small as possible
dv/dtE slowstH & = UCH
(02 6). .6
o 70 &0 ot turn—off
degrading8i0l A%I& = slow down Al N
21 A ?AE',

_ —

PWMSl dutyZ =018, DED L 0| X ‘

S22 2AANZ & UL Gate Driver AW —4

WIIX2e tabs &UES=Z Rt
(quiet)8t sourcell HZolH CM L0l R
X2 =2 & UCH h
heatsink@ &2 clean Jct2EXHE =
JHRSt 20l oHOF StCY. ZeotCtH
decoupling capacitor€ 0l&di= = Ct.
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CHOILE L0l 2 XX

o =4 MR (reverse leakage current)2 = R XY HY £ QUCH [2tM &
HRE =0|J| flAl reverse recovery time(t,)0l JI2& H2 212 HEst= 210 HIEE
. K8t soft recovery diode= hard recovery diodeZ2CH A& S 0[XJF &M 8
2 Mol UEtY ol= mEe 108 8(b) UI20ICH.

IFM
trr
K | b
[ ! —_—
| /’/ | Time
IRM -— IRM
(a) Soft Recovery (b} Abrupt Recovery
| |
i ' | o
| | |
E Vp—p = 130mVp—-p without
!ﬂ' WX Hsddus AT " i-‘.'J‘ri{-:
8.8
S HE= C0ILE2 Bt recovery EH42 E W ECH.
Diode E}& Recovery §4 ter
General purpose Soft Very slow, 1us
Fast recovery Soft Slow, 150ns
Ultrafast recovery Very abrupt Fast, 25-100ns
Schottky Soft No recovery time

bl

1
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=

4
fjo
wn

S,
a
&~
ol

recovery I}

I 2loiA AHBIOE AtS2 ACHAE 10). 08 9= AUt
AESERS Te s 20 o | = =

BN U
Ch. &3 We Jb 18 8 Ot UibloiiA 20l =0 SUALCH

HH

.ir }_%_qb_h_];tf

Vp—p = 44mVp—p with snubber

W2 EETNET MNOd ChTF TEEsy

HAIAES OHEIINZ =2 dv/dt SE2 ZJ HE0l 0f 22

Make high Snubber on
dv/dt lead «— secondary

as short as |—/\N\r— side

possible \
¢ ’I & ‘ O
\

/T
. L ;e
* T & 1\ O
Make high Parallel a high
di/dt loop area frequency

as small as capacitor
possible

Vin -

A}
J
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EfAXN L0[X &X

12

Y-Capacitor

|_

8. 5b

== 22 48 HIHAIE (capacitor)2 HZ5IH EMI =01 01 LEb
x 02 RIN(EANLEZ HZols U2 EMIE LN &t

Hu
in
n
w
mo r-
il
o H
o |

EHAIMHO J|M(parasitic) HIHAIEAE CM =0lX9 HEEES 11X 2K 2H0 SEE &
Qe=0l, Y-capacitorE AtEZotH(OE 5b), L0|XRI 1XECZE S0 = Y= AZE H2sHl
(O 11). SAIGHH == 110 4 AOIS HIHAIEHE EMI L0l|X2E E0|=0 &R f&s s

==== EMIcurrent flow outside supply
(measured as conducted EMI)

= EMI current flow inside supply

Stray capacitance primary
to secondary

Cy : Y-capacitor

C.. © Stray capacitance
secondary to earth ground
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Sk

= 2H
_I_ o

AL ME A THS A

Gap AHOIOfl A
CM LOIZ=E
leakageE
gap transformer

o gr
TT =

(T
=

i

magnetic fieldOl
=012] <6HM
A2E S o|u(ja| 12)

stray
EMIE
band&

MOSFET2l drainlz ¢
end= E2¢8l(bobbin) Al

o =0t Lot

ol
=

gt

windingOl noisy8t primary winding2

(=)

=

shieldotJ| [ S20ICt.

f 2= AROIOf =
floatinge& 1 Cf

lead® resistance® inductancelt

1XH=
®x mo
- =

r@

ol =2l

magnetic
2k Al Center—
ol £CLCt.

oo =
transformer

ro

Ct.

o

fringing field=

flux

=
flux

Transformer
Flux Band

=1
(=]

8. 12

wire layerE &

round®ff A2

FIol A
CHOE A

J
tCH. Ol
3).

st

J

—

To Qutput

e
I—:-

v

Ground wire
— reS|stance and
inductance
must as small
as possible

Auxiliary

Primary

|
1 I_Y
Capacitor

Transformer and Shield

Lk Lk N, Lk Lk
A s A s L s
O N Mo N N N N
£ iy A hy k] "

Secondary

Shield

Example

8. 13

(I,

= MHE

ground=

t¢| Dl-i[:l..

[ W
HA G

=
[u [
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poor layout gll

8. 14

better layout

g3 HIHAIHZE ESHAZD(
ol OF BHCHIOE 6).

Ji
ro

IEH) dell) MOSFET2Z2 F4& = loopl HAS A

—/

t

tol

2XSE CUOIRES €3 HIMAIH EMAEZNHZ FHE = loop2 HAEE Z
10).

23t off O

ol
O
IJ
i

One point ground2 oH0F SCHIOE 15).

8. 15

e ol Rl dbsst o &

—

I

H StCHES|I O 5bol L& 29 3).
Return path€ planel2& ot= A2 HIEAGICH ©, coupling® Al Z0t0F &

Capacitor® lead= ZIHEH & &HCH Capacitor?t H2Z2 &= PC traces E£&F =

-
o
B
=
ro
)
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EHE AIE06l1, 2X S22 LBt oz LIC ZEE AISEH.
eI E{(inductor)Jb X 3}(saturation) Tl Xl L= off

2 162 20l common mode chokeE AIEatHLE Y-capacitorE MM CM L0lX2E Xt
e = U
CM QEEHE 2Bt OZ 2 g =0 1TmH ~ 50mH). Y HIMAIE = capacitor failureAl
of Rgst &I =228 RYLE £ UCH WOt HIHAIE S short circuit JIsd2 HHE = U
TS5 =2 &HIIE JIAHE MN2IES JFHO0F st o+& A EO0l 2ol Y HIHAIEHS gt Mst &
CHZ= nFE Y5 £ QICH delAd JdeHAd 2 CM inductor 201 2 26HCH. Y capacitorl fXl=
O 16(b) 200 O 52 AXME =2 £ JUCH

AC Line

SMPS Circuit
g} | ¢
AC(M, T
stray 77? stray ¢
capacitance 7| | capacitance |
V

ST e— 44— 44— 4— 4— 4— 4+ < -
CM current flow

_AC Line
SMPS Circuit
—> — —> ‘
stray —fT stray
capacitance 17— capacitance ||
v
Yo “«- 4 4 4 4 4 4 <4 <«
(a) Using CM choke
_AC Line
SMPS Circuit

— > L¢
stray L 1L stray

capacitance T~ _ capacitance ||

U:T

(b) Using Y-capacitor

J" 16
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DM O0l= Z2H

X-capacitor& ArEot0d DM L0222 XHE = UL X HHAIEH=E & 2t°
O W AE U= =0
X HIHAIE= capacitor failureAlOll fI&lst I EAHE [t %=l I AHE(M2
coupled=lE &0 O T A2 QiCH= DM L0l=E 2A AI2ICH

SMPS Circuit

DM current flow

Lg..
f y
Tl o

a

AC Line

SMPS Circuit

—

—

(a) Using X-capacitor

A~ SMPS Circuit
5\3 . @)

A

(b) Using X-capacitor and inductor

ol 17
CM ZE{Q DM EEHE 25 ZE50 12 182 2Ch
AC Line. CM choke

Y capacitors

NS
[

ij 1

g

X capacitors

18

SMPS Circuit

&
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LCEH

O 192 22 LCEE(low pass filten)E 2X &8 ¢l SO D=0F =0/XEZ M HSHC.
L
o Y'Y Y . o
- —
Connect to L Connect to
Output of C Load
Secondary T
(o . Q
819

Ol M EZE&2 L, C g2 Cut-off frequencyE 1 ot Z2&0l ECh. LI Co

cut-off
frequency2l Z2Hl= St &L,

f= 1
2xax/LxC

Cut—off frequency= switching frequency @t attenuation(-dB)E Z A

=2
o=

o
)

— Att/40
fo = gy X 104
s S0, 08 20(a)& BY ASIE FI==IF 190kHz0l2 CHet 25dBE =1t6HCH. [etA Ot
&l 10dBE [ =0 35dBE 2AAJ111 AW, fo= S 2L

Fc = 190k * 1073940 = o5 3 kHz

8 20= 190kHzOIM =T peak noiseE 2= SMPSOI CHol A 25kHz cut-off frequencyE
= ZHE NSol¥2 e Z2UHE BHELCH

900 (| ) 70.0°

dBuV :

I |

700 50.0
50.0 30.0 —HHIA L

; RALEN
300 10.00
10.00 —I0.00i

200K 500K 1M 2M M 10M

500K M 2M 10M
(a) before LC filtering

(b) after LC filtering
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3X =0|= Xl CHZH(Shielding)

IHeA G0l HIOIXI(Faraday cage; 0122 &€E AHOlACH BE20Het £2l= AHOIAZ SMPSE

=
=2

M (enclosed) & XHiot

S HolADF AXtL
HOlA conductor
M chargesE THUH
field€ cancelAl7|
0182 oHZEOoZ E02

=
e

LK
]
=
i

2E

HOIA Dt

conductor2l W2

charge= A 0lA conductor LHEW A CtE chargeE |RZAIZICH. =, H0lA conductor
HE otEN U= field(charge)2t 22 signt magnitudeZ chargeAl2ICH. Z2UESZ I
otZ field(charge)= HO0lA conductor LS
charge

Hp2
(S
s bz

field(charge) x

]

24 2+o
o =

S AHOIADF ground
CHAIOI ground& 2tCH.

stl
N

=

unground
orZ o2

Aete & AUCH

=2

— o
= 2|

ot |ele o
charge carrier(
chargesJt MEBHE &0 UH 1
HE=C.

dE cancelAl2|2 &F

0 i

frin

=3
=]
=
.

b
o
fiel

=
[—

LI

njo

2l

2, 0
field& 22241 chargeE

=

()

0
Ct.

2|
=]

o
ek A
21(b)).

S IT e
[ELENp N T—

=13

=N
S0 HCH

(13

=

3

==
(u]

3

[

g
ds

electric file

cC = o
HRAE B2,

Jel A, AHIOIA conductor LHE

(]

1 20, 25 A0
2 electrons)E forceot

| A OFZOl field(charge)dt QULCHD BHH,

excess charge= HOlA conductor LIS HIZ o2 D}
otz @ A0

2F
(=]

A OFZ&

R

™ currentJt

SO0 A
2 J0lA H2EL=Z 2DtEE
HI1E0

o= {1 €2

A &OI1EO0I

OF

[

gc

o=
py—1

2I0ICH. Zedlt, olgA

W22

ANZ aAME 10 HOIA conductor
HOIA XHAIOl OFXI 2ol

O] =
(A N T

=
—
A O}Z =

field(charge)

(i}

N2 &M, HOolA RS UK XI= neutral 2B ECHAE 21(a)).

Shield case Shield case @ ®
<+ —>
- ® S ® ®
BN / N\
‘ / 777\\ \: ¢ / J/ , / "’\\ \
e N ) [ e N )
© { (¢ | “\ \ ® 9 { [
v ALC® o | A\ \\ @ . N
) ® N ° e )|
¢ = / 77/ //"
© ® ® e /
—» —» N < 4
4~ ® @
(a) grounded metal case (@) ungrounded metal case
gl 21
22 &= conductive metal2 geometry(22F, SM)2 conductive materiall electrical
conductivityOfl 2/ &8tCt.
EMI 222 Aol A HOIAN conductive paint& AFSE %= UL
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Y8 A= B2 MOIQ AZ2 R Y2 impedanceE JtMOF SHCHOY 22). QX &
OH 2HEo SIUE &Yol UHHE = UL
EMI ZH= £€C AH0IAZ S0IHD U2e 2A0IHS 720 EXISH0F SHCHIOAE 22).
shield case
% N
l_
goul
b ::+ gTN
en':f:r:ce
or exit D
/ I]CONTRDL c
i s
— T i
L / \V\ one point source J
o vac © /

must be clean point keep low impedance

8. 22
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