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Three factors of EMI! EMI source, coupling paths, sensitive objective
=2 7 Wi o = (1) S EMI source
N
- \
. :MI
/ VY
A€ 222 f~ \ 7;20 uF Rioad

Sensitive objective ‘| =
\ 7 | EMI-receiver]

GND-Earth

There are lots of different opinions. Mosfet, Diode, transformer, AC loop etc

Strictly speaking,
Only Nonlinear switching devices are true EMI sources for EMI emission!
Others are coupling paths!

Only for Radiation emission or simply analysis, others transformer and AC loop can be
treated as EMI source!



A: Diode turn-on and turn-off

i

v

—

(a)

(b)

Apr,06,2012 , Junping He

CIRENNARE R (BEKE )
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B: Transistor turn-on and turn-off

Turn-on Turn-off

*\/oltage spike
*High Frequency
Ringing (EMI)

Diode Reverse
Recovery

Current, |

Sw

Voltage, Vg,
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How about coupling paths! The difficult factors!

Basic EMI coupling mechanism
A: Along metal Lead
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Basic EMI coupling mechanism
B: space Induct effect

B1: Capacitive coupling effect:
There is a coupling capacitor between every-two conductors!

— |
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Transformer KO |_q“\\

Trace




B1l: Capacitive coupling effect:

Capacitor between drain to heatsink

heatsink

GDS

D
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heatsink

Capacitor between high dv/dt trace or metal to earth

high dv/dt PCB trace

earth
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B2: Inductive coupling effect:
There is a coupling inductor between every-two loops!
Typical magnetic loops:

Inductorl: Transformer:

pukzg Axol y

Inductor?2:




High frequency AC loops
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fz 450uH

N |
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Inductive coupling: produce EMI directly some time =Psensitive circuit
complicit EMI coupling paths. = influence EMI filter performance.



Apr,06,2012 , Junping He
1.1.3 BB FREBMTINHNEE/ER D

Why?
Example: Single phase
L1
LISN YT M
50 uH 450uH DI
220V | TN — —

AC SO Y B P

Towr T c e

ImH  168H M |

0.2 u? 09 |
50Q % b

A 4

EMI-receiver GND-Far th
Emission on L line: V, Vew = (VL +Vy) /2
Emission on L line: V| Vou =V, =Vy)

V, =V, +Vgy /2
VN :VCM _VDM /2

So, V &V V., &V, aresame!

vem & Vdm -
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Why? BRIy ZE 15 [B] g A LR Bl B A Rl e AR, 0 P56 18,
{# TIEREMIE R AR A
Z1&[E E& . voltage or current between L&N or among L1, L2, L3
Equivalent internal impedance is small! Paths is clear!
" _ Through lines-load
H4&E[E . voltage or current between lines and Earth

Equivalent internal impedance is large! Paths is unclear in most case!

Examplel of Flyback . Througflparasmc capacitor
= _"_I"""_I / \
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"‘vl 5 I I * L 1~ [
IR - p ( vt
e L e P 1 I v Jy K =
N | ==l il | ] M]- o)
| O.Inf; Il A i | | ,
| rR1 <l:i i il g SR 4 :
| L2 b =V
| 50 L D
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------- DM FiLiEE -~ OM THLIEE
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Example2 of a Boost PFC
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Example3 of a INVERTR
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Useness of DM/CM Analysis:
It is very useful for EMI filter design and EMI debug!

DM EMI filter to control DM emission! It has no influence on CM EMI.

Generally, Cx is large several uF, Ldm is small!
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CM EMI filter to control CM emission! It has no influence on DM EMI.

c
LISN LCM2 I—CM]. -]i g Ll .u---nbg 3‘ g
6(}Hzi i " » 1 El ™
1 50u i H
! | 9 =
| p
N I 0.1 i
| R _ly
| 50 =
L

————ge— ® VY B

SUR— " I S R




Apr,06,2012 , Junping He

An actual EMI filter to control EMI emission!
CM filter+DM filter

C
-'I : .-u- r
LISN i ‘}‘
L l_T{rl-l_E__—_—{CXZ rWYlExli Y'Y I : i" R—
60Hz I !... ................. .{.J_ -------------------------------------- -»" Ch == E \\l
i T - Cyl [
T [Emiiel el SRR I
N . o | A w 1 : Cp}
I IR ul Lcm2 Lot ylZF - i
| R1 13 RZI $ ly
I 50 L 30 1 ) D
i VA - L7371 S
s ON TR IEE

The leakage inductance of CM choke can be used as Lbom

- .
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2. 1 EMIGEE SRR T FA{E A

Insertion Loss Definition

R0
1
LISN[]I] lUl @ Uo U,: Noise Source
R,: Noise Source Impedance
Ry U,: Voltage on LISN when
— L without Filter
LisN[] [U £l
2 | Filter @ U, U,: Voltage on LISN when
with Filter
U =
IL=20Log(—
U,
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A. How to select the best EMI filter topology?

2) Z High Low
o o —&— 8
ngh Zg § § Zl Zg § § Zl
@ ©
o o —-——0-
—&— 1 —8- —&— @
Low Z, § § 7, Z, g 3
© @
-——0- -—0-
Z,: Noise Impedance Z,: LISN Impedance

If one stage is not enough, several stages filter can be used!
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Power supply EMI can be separated into equivalent CM/DM EMI source model.

LYY Y
VdS LPFC Vds
. @ @
P
I
1
CM source DM source

Generally—internal DM source impedance is small!
internal CM source impedance are large!

CM LISN=25 ohm DM LISN=100 ohm

Generally—Both LISN DM impedance and CM impedance are small!

al—
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So, better CM filter topology

N
60Hz
7 — Z Z ) s
1 T g —
N
RI1
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L ==
) R B i
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B: How to decide inductance, capacitance value of EMI filter topology?

Step2: Using CM/DM emission decrease

Stepl: Separate CM/DM emission using
limited line, the IL needed of filter are gotten.

test or simulation results!

dB DM dB

ited li Limited line

CM
f f

(D

f
30MHz

i50kHz
Step4: According LC number, draw
N*40dB line which is tangential to dot IL line.

Two stage LC 80dB/ten frequency

Step3: adding 10 dB margin for both
CM/DM 1L needed

One stage LC 40dB/ten frequency

1
| Wflawnmnnans “...

! f 1/LC Value 150kHz J
150kHz 30MHz  (larger)  (smaller) 30MHz

“ = -
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Step5: LC value, consider other factor, we can decide L and C.

For CM, the max Cy value is limited by leakage current, so

Lcm=f0/Cy.
Lcm is called CM choke too.
DM Choke
L —FW
AN
— T2 | eur

For DM, for Cx can be easy large enough, Ldm is select small. In most
case Ldm can be replaced by the leakage inductor od CM choke.

Step6: finish design and test.

CM Choke DM Choke

L
leakage inductor —W
LT CQ E__ EUT

L L =




C. Actual problem during EMI filter use

1: HF IL are lower than expected.

designed

actual

N

dBu
100
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Capacitor Model
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| EPC
— EPR

Inductor Model
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What to do?
Decrease parasitic as possible!

1: Using good HF capacitor or inductor! Small parasitic parameter!

XF T B

(BREME: ZUA. SRIRE, RS IR B RS

< 4. ur = 500 ~ 10000 for lower frequency CM choke
| #%4%: ur =10 ~ 100 fit for HF CM choke

{RADE, St R L B EPC
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Edm, IR ERREE

FEm: REUITHREYEMAE. Hu, §Bs, LF
FHig: HE. ZE2%, LF CM choke

BREIE

A ERERE B [1.26 T AR R R 4 2107
BEEET: 560 °C EEd 1.2 gfend
RiLEE T 510 °C k= 130muOhm-cm
|ﬂf_§'§_Hv |EEEIL: g/ mme |mﬂiﬁﬂﬁ$§ﬁ |
EhES E-N-L E-N-It [
MRS EE 3104 Bk 104 |
BASEE B0 245104 |
L I e I | B I = I ]
BREHIK
A3 E s 125 T AR R R |2x107%
BEEET: 560 °C EEd 7.2 gfcnd
RS E-N-L E-N-N F-N-H
MRS >3x101 Bl P1x10
BASHE 35101 >45x104 ¥E0x10¢
AR
il F-N-L E-N-N i
N MRS 3104 8104 [
g BASEE >Bx 104 45101 [
B TR 2T e 2t r
BEEET: 560 °C EEd 1.2 gfcnd
BEE 510 °C HREE 130mu0hn—cn
Ty 880kg/mn? YR |
| _— E—
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2. Decrease lead length of capacitor as shorter as possible. ESL!

lead
lead
Too long, ESL increase
C
C Wide and short
copper stri
Thin and long copper lead — i b

A v
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. Carefully installment!
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BilRE Ky, A 150kHz=/IMHz B3

Bl

Active EMI filter for DC/DC

Picor Com
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Active Common Mode Noise
Canceller
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KR BN 5 A
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City University of Hong Kong  BUCK/BOOST/ELYBACK

110 B |[|]-"":"""'I
12 ] o —
g o J
L] " o
REF LEYEL
o i 1888 of
LY &" - e+ e | e e
i}
&= ! * 1
i .
Wrﬁ:ﬁl iy JJ'I
START 9.0 kHz ETOR 3@, @@ MMz
IF BW 9.8 kHz AVE BW 39 kHz SWE 1,11 sec 3
L= it
I
STAAT 30.@ MHz STOR SER .8 Mk

fepent A

CPES Hard-switching vs. soft-switching of a inverter

#he  REE_137.0 dBaY AJTEN 10 o he  REF__117.0 dBuv ATTEN 10 dB
1048/ 10dB/ |
ol P e B
::[ t g
| _,.-’-—-....-f- .?! -—‘_\
L~ M/ 2
67 NALL LT = o "W P Finitht
) }-'—"'—‘“‘-‘“'l L7
dBpVv dBpv ! |
i ! | |
! i I |
T R : i i i — ZVT|
—____HS : : - - ' - —— HS |
| i i J H
1 I | 1 | I | i | |
START 150 kHz STOP 30.00 HEH START 150 kHx sSTOP 30.00 MH
RES BW 10 kHz VBW 10kH:z SWF 750 msae RES BW 10 kHz VBW 10kHs SWP 750 mse

L Zefte 3 RO N 2t TR
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Feedback Colil in the Boost Inductor

Hleatsink

\WQ*

G

A

(k [LISN JE

™~
L

-
v

To Spectrum Analyzer

H2 R Spectrum 168w/ REF 508 uw 1.8658 u/
whr | ' : : : : : : :
2 3225 ke
—_ : :
=T |
EE |

|
—
b } ~
— 3
= |
-~
|
1

| \ -
B ! IR o e

: 15(mA)

- frn

£z 50(ns) k% FBIE T8 Rz veH 10 Az T

SHP

15,84 sec

STOP 128 kHz

ST
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CHZ R Spectrum 58a u//s REF 2.5 mV 19.89 uv
» - - g - -
: : : : 128 kHz

Bl 30 Hz WELH 38 Hz ATH @ dB SHP  1.189 sec
STHRT 28 kHz STOP 128 kHz

DOME

3TOR DEW
[DISK]

CANCEL



Sl om Apr, 06, 2012 Hejunping
B4: XIFf-FELa D HIH R L GTHI BRI ZE

A B ~ ZERO CM EMISSION!

oo |V FBSP bad CM emission!!

- J_EOuH -
0.1uF,

TuF =2
'\\_LISN

==

Symmetric structure
These principle has early been proposed in 90’s and it can be used in any topology.
Low effectiveness, high cost!
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Dual Boost: CM Emission is large.
T Dy D,
L S ZS L G T &E
T S —
@::a C | load - -l
L 1 .. L Jdys, -
5-| S—L(:E I _E:h
! i C2 == P I
Ca1 T Caz T T C, i D, D. =
D; D,
140 L, paiy
—improved symmetry +_| C
120 -ttt Ao — -S}rlrjmetrj.r . Sy —_
| “ —original L, _|£ S,
100 - : T
e
80 N P Coz| | Ds Dq
N Gate [—H i ’
signal |2 g_;m

60
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Heatsink

1. Heatsink Connected to the Minus bus

Minus

PR I
r [N

Ground Plane

., =

2

2 . Copper Foil around X’FORM
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3: Shielding primary and secondary of transformer

Vi

|

Delta com: USA patent 20070171585
Method for suppressing common mode noise
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........................

50 . 7 T
!
i

25

Amplitude (dB)
o
Amplitude (dB)

L e
2 AR A VTG | RN A AN OO AR R MEDOR RS SOOI
. ZZIII¥L’ T it %HI’H li 1% . E:::::;ﬁ:::.‘: I

........... i o
0 0.2x10% 0.4x10° 0.6x10° 0.8x10° 1.0x10°

0.2x10% 0.4x10° 0.6x10° 0.8x10° 1.0x10°

Frequency (Hz) Frequency (Hz)

Fig la, Constant 25kHz PWM Fig le. Af=20kHz (frequency varied from 25kHz to 45kH2), n=256.

Switching frequency modulation
___proposed by F. Linetal , IEEE PESC’93
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e

 Random modulation
proposed by D.A. Stone et al, IEEE APEC’96

 Sigma - Delta modulation
proposed by J. Paramesh et al, IEEE APEC’99

e Comparison : PWM & RPWM 43
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Z i E 1 L I B T T i i . i ']
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= Em:.'.'.'.'.'.".;;;_'__'...'.'.'. ..........
= = ] I ' . - ' ¥
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f—///ﬁ /_l_gfic70kh'2 ff:ﬂé’mﬁﬂ%/%ﬁ"
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1. ZKji 4|<§ —'Ki
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S PERFIFE2T KA,  FrUa+Ub+Ucsh gy SVPWM 54
CM Voltage A7 MUbus/3 f£Z/Ubus/6 !
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W A \P\ MMI
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v/ dt SR EFE, Jdi/dt el EFE !
BB R B S dv/dt, di/dte !

MAXWELL Software Assistant Method

(a) Flux plot of quasi-resonant boost converter with
basic layout

'_f_f ::[ f;g; :i;!
g

!
e

(b) Flux plot of quasi-resonant converter with changed
good layout

s f o
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Routing Traces by Electrical Field Emission scan

victim trace noise trace victim trace noise trace

____proposed by X. Wu Zhejiang Univ, IEEE APEC’99

» The victim trace in weaker emission area is likely to pick up less noise;
» PCB designers can arrange critical trace in suitable position to receive less

Interference according to emission map.

T el —
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Bt BB A I

Y
CDMI
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CDMI
C CCM
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EPC
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=20 -10
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