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Electromagnetic Compatibility

EMC

EMI

Electromagnetic Interference

EMS

Electromagnetic Susceptibility

Conducted
Emissions

Radiated
Emissions

Conducted
Susceptibility

Radiated
Susceptibility

A device is considered to be electro magnetically compatible only
if its effects are tolerated by all other devices operating in the

same environment.

EMI levels are increasing significantly from PC, power switching

equipment...

150KHz~1GHz for EMI

CISPR(international committee for radio interference) was founded

in 1933.
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Electromagnetic Disturbances

 Noise:
Small amplitude and high frequency source
Welding machine, SMPS..

e Impulses:
+/- peaks on line voltage
Short duration, high amplitude, fast rise/fall time
Switches, Relay, SCR..

e Transients:
A few periods of the line frequency
High power switch..

-
N
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EMI receiver

e CISPR spec. : 9KHz b.w.(-6dB),
quasi-peak(QP)
(charge 1ms/discharge 100ms),
accuracy +/- 2dB

o Peak>QP>effective(RMS)>average -
A broadband signal

o Peak=QP=effective(RMS)=average -
A narrowband signal

For initial measurements, peak
detection is used.

The spectrum analyzer must sweep
considerably slower when the
quasi-peak detector is on.
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dBuV & dBm

0dBm=1mW , P=VZ/R

dBW=10 log P =dBm+30

dBV=20 log V:/V. =20 log Vi [V:=1V]

dBuV=dBV+120 [V:=1uV]

dBW=dBV- 10 log R

dBm=dBuV-120-10logR+30
=dBuV-107 [R=50]

dBuV=dBm+107
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Conducted EMI

0.15~-30 MHz
Common Mode & Differential Mode Voltage

Load
EMI source

AC source
& Line impedance

Zs

Vel T UE

|

|

|

| : 3

| | Ie
| 50 | viv

| | <~

| |
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Conducted EMI

Direct measurement for high power loads

>100A  Mains

150~1600KHz

Common Mode Voltage : Rigier
>1600KHz R=1500Rb = |
Coupling paths? ¢ 7777

Diff-Mode Voltage : above 100A Toad %
Xc < 1500w

XL>Rb Rb

Measurement at 10KHz B.W.
-1dB correction factor(20log 10/9=1dB)
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Radiated EMI

e |f the conducted emissions are reduced, the radiated
emissions are also often reduced.

Conducted || I'req. Range Limits {(dBuV)

Radiated 1EMI
Freq. Range (MHZ]

230-1000
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ohma

AC Line & Load Impedance

80

[

60

A

/

40

/

20

<

5%

0.01

0

short line - twisted pair

1 1

10

100 MHz

e Load Impedance
=most L and C

+ a few R

e Line impedance :

a function of line length,
conductor spacing,
diameter...

e Open wire: 90~180 ohm

o Pair/twisted: 50~90 ohm
<10KHz -~0 ohm
~100KHz 4 ohm
>100KHz 50 ohm
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LISN(Line Impedance Stabilization Network)

0.15~108 MHz

AC LISN : 0.15~30 MHz
. ~ - DC LISN :
50uH 1
0.22uF - °

. YY)

;:4-7UF K | 5 5uH 0.1uF
AC220v Gr_-l DC ~T0.2uF
_|__ | Power
= P \ 4uF 1K
T a7uF 1 T
47K ‘I ® g =
/1-\0.22uF —

*  LISN Impedance
ACLISN

Z| [Ohm]

100

o . 1

0.1 1 10
Fragquency [MHz]
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DM-CM Splitter

Differential mode - Common mode

RF ferrite core
turns ratio 1:1:1

g AR A b DM
R e pron CSDM
. R BRI out

e Total noise = —

Common mode noise + Diff. Mode noise

DEWD OB e CE

Eg
-
=

Ea

DEWD_OB B
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Near-Field Probe(1)
Loop Ant. H-field

7.5cm -2 * 1mm coil loop(Dia. 7.5cm): L=250nH
f iorr = 30 MHz (Z, 50Q)
RG-178
—=®) ¢ C(Coaxial cable Loop: removing E-field
atfection

VO(MV): 277,'f‘uOH -4 = 277:f477510_7 T '1’2 CH
=0.035f,,. H,,,.

Probe
Gain
ViooV)y=H,,,, 0dB |-
E[dBuV | m]=V[dBuV ,]+51.5 /
| |
30MHz 500MHz
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Near-Field Probe(2)

EUT
10cm
H-prob
probe Ferrite beads
Radiated EMI
fiIMHz] 30 100 200 300 500
Class B Limit
@10m 30 30 30 37 37
Correction factor 64 53 47 43 40
Limit @ 0.1m 94 83 77 80 77
H-probe output
H[dBuA/m] (Limit) 43 32 26 29 26

www.pwm.pe.kr
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N

ZS

EMI Filter Design(1)

/L

Source

Filter

Load

mismatched impedance condition

ZL1>7Z12>713

ILM

e Conventional filter design: fixed input

and output impedance

e EMI filter: varying impedances -

No design rules

e |f Zs~ 0, Insertion loss = Attenuation

www.pwm.pe.kr
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EMI Filter Design(2)
mismatched impedance condition

.
73 (Y Y Y

7

Source t Filter Load

e Conventional filter design
(theoratical)

60 dB/dec insertion loss
e Practical insertion loss : 20 dB/dec

www.pwm.pe.Kr 15
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Zs

—————————

RC Shunt

e |t stabilizes the load
impedance.

-> reducing resonant
A rises above fq

/L

AN

S

« Nominal load R.
Ra=R.L
Co=1/(27 fd Ra)

e Load 300V 3A -> Rs=100

fe=1KHz Ca=1.6UF
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EMI from Power Electronics

The primary cause of EMI is Switching action.

W
T R 100V
o
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EMI from Power Electronics
SCR Rectifier

Thyristor T,
+ &
g ve=V  sinot
- Load resistance
ﬂ‘: '-;-'. A \
supply +4 | R, 1o ~C
L v - Vo ¢ '
_ 100 N
\ .
. firing angle
Thyristor 'I'_:I\' 80 N\ AN 00  —

60
AN
A \ N
40 firing angle\ ~N <
e ——— e ——— N —
[(100% of rafed owtpul) 20 \\
L 11 1111 [ I I o I | -
0.1 0.15 0.5 1 6 10 30 MHz

(1,2 of rafted owutpui)
< SCR control choracterisficss
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EMI from Power Electronics
IGBT Switching

e Diff. Mode EMI : by reverse recovery current of
free wheeling diode

Comm. Mode EMI: by parasitic cap. b/w Heatsink
and T- switch

Switching speed: MOSFET>IGBT>TR>SCR

TR — CFE
b T Tt T

- K ] " , ul ul 11
EBOHV M1 Ares Chd  SO0mY
Math 100 'u’a 1.00p% 122_2;;&!‘“ ROLOEN 200 WW 1, B8 w,:.i]?brl'\fa\?i
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S

Inrush current

at turn-on

oo

0 0

Noise Suppression

Snubber

- L

Surge voltage
at turn-off

i |

www.pwm.pe.kr

AC circuit: zero cross
switching, RC snubber

e DC circuit: RC snubber
e Diode: C snubber

dBuv
110 A~
q / )

'B

70 T~
L/

010150305 1 2 3 5 10 20 30MHz

20
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Noise Suppression

Shield
dBuv Jj[}t[ "H_,_L_H“
80 ST
\ —|:| ';:
\\\ \ ::
M\ i
NN e RN
40 N | |
\50nF 10nF ‘."rthn:isul_::izladmd ay Wn;hgﬁeﬁdw
20 \\
010150305 1 2 3 5 10 20 30MHz Hg Hg

Ch Heatsink Faraday shield
— HHH
Faraday shield is effective )
on power switches and noise!
HF transformers. path ¢
7 ~
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Filter Elements
capacitor-1

capacitor | inductor

"=

Y R
Iw Li Ls C

WYW\_”_ L E— _

Simple model 0,

A Insertion loss(dB)
T

Lw : Inductance of lead wire Test C=0.6uF

Li : Inductance of internal wire 60 N

Ls : Inductance of structure . / \\\zwﬁlm\ R=50
Electrolytic C: <1KHz 2 /4 ,>\,,fw\;3
Tantalum C: <20KHZ __(;.01/ 0.1 0.30.5 |1 3| 5\1(%61\7}12

Ceramic C: <1000MHz
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Fecdthrough Pin .,

Iser's Chassis

"-\—\_\_\_‘_\_‘_\_

Mounting Collar 4

Filter Elements

Feedthrough Filter
““H—___\_\_\_\_‘-Hq ﬂ:l

noise ]
path

—

Metal enclosure

capacitor-2

LINE

X cap. —

LAAA Trom

C ‘ Y cap.
T Y cap.

Y .

» Feedthrough cap. for radiated EMI
« Xcap . for Diff. Mode voltage
e Y cap. for Comm. Mode voltage
max. leakage current =3.5mA
300uA for medical equip.

www.pwm.pe.kr
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Filter Elements
capacitor-3

AC system : WV=4.2xVrms MHz SRF chart

DC system: WV=2.5xVdc 1o
Self Resonant Frequency: ESL+C
->paralleling main C // small C

(low SRF//high SRF) %

Veeing capacitor:Removing
inductance of lead

100L
Ceramic

Mylar

1 1 1 1 1
0.001 0.01 0.1 1 10uF

www.pwm.pe.kr 24



http://www.pwm.pe.kr

Filter Elements
capacitor-4

o Applied Over-voltage
-> creepage of the dielectric slowly
-> carbonizing a path
-> arc !!! finally

Structure

 Warp type : very high ESR & ESL
inductive C, not for EMI filter

o Extended foil type : insert-tap winding
low ESR & ESL

www.pwm.pe.kr

LFStacked Film
-Extended foil
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Filter Elements

capacitor-5

Metallized film : coated metallized
aluminum on the dielectric film

-> high loss, much noise

Film & Foil

Polycarbonate: -55~125
higher Q, high cost

Polypropylene: -55~85
high Q

Polyester(Mylar):-55~85
low Q, low cost

www.pwm.pe.kr
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Filter Elements

60

40

20

coil-1

|ZL

inductor | capacitor

A Insertion loss(dB)

T T T T
choke coils R=50

}

-
0.1 03051 35 10 30 100MHz
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Filter Elements

coil-2
seeeselses T
88& B&\ see R
A= A - o
winding insulating ring ° Opt]m]zed W]nd]ng
0000 shape with air-gap
€660 — = 1
-] 2 4 7 10 B &0 kHz .“‘:
| I
progressive winding _:':TH_*«:;"\“\,‘: — e H
\._ 1 .
v e
. " T e
« Reducing parasitic SN
capacitance oo i —
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Filter Elements

coil-3

200

7
-

4 -~

P .

- -

- -

-
o
- - #
g

8

Common mode choke coil :

B

with ferrite core
Gyromagnetic frequency

Imnpedance ()
=

// \ R L
limit o \}/ [ —
fe=5000/ui [MHz] o’/ 7T R
Half of initial inductance at ™ - o
/8 « Bead : one turn coil, no stray
Manganese-zinc ferrite : C, wideband char.
< 10MHz e Nickel-zinc ferrite: ~1GHz,

good temp. stability
www.pwm.pe.kr 29
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Filter Elements
Transformer as EMI filter

o EMI filtering

e Isolation

e Voltage translation

« Common mode rejection . Very big

« Low leakage . Heavy
current(100uA)

e No spike voltage

60 Hz Steel iron core Trans.
32dB loss at 14KHz

www.pwm.pe.kr
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90%/
50% [ 50us

_>| T ous
Voltage Test Impulse Waveform

EMS Test

Impulse voltage withstand test
Source Impedance: 500 Energy: 0.5Ws

Impulse current withstand test
High-freq disturbance test(1MHz)
Electrostatic discharge test

e
a
MOV

Metal Oxside Varistor

www.pwm.pe.kr

Paths: 1->2

Check max.V of
L, SFRs of L & C
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Graphic Harmonic Analysis

Quick spectrum plotting as Bode-plot

[FGw i [17@)]de

[177 @14
| F(jw) <=

Wl’l

g I
t P

tr l‘ £ \ )

«> d/dti t

V/tr

>

d /dti -v/tt
V/tr V/tf

I )

‘ lv(mr + 1/tr)
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Graphic Harmonic Analysis
Example

I
S

1=0 -y

=)
|
Pk

Vir /oy 1) _V

FZ(f) = 0t .f 771‘
Crossover point f, of F,(f) and F,(f) /i = ,T(%Hf)
n=2 Fo(f)= V(l/tr2+1/;f)2 _ V(l/tr2+12/tf)
Ar“ e f 2 f
Crossover point f, of F,(f) and F,(f) f, = l/tr;nl/tf A

Let [V],[us] aB¥
Al=114+20log[V(tr +tf)] [dBuV/MHz]
A2=110+20logV-20log(f)
A3=94+20log(V(1/tr + 1/tf))-40log(f)

-20dB/dec

-40dB/dec
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