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What’re EMI filters ?

|
m EMI filter is specifically named of

“filter circuits” that used to reduce

the “EMI” generated by power
electronics equipments.

= The EMI filter can’t be used to filter

out mains harmonics.




Why should be EMI filter ?

m “EMI Filter” is an important
mitigation equipment for
ressing undesir n

electromagnetic interference (EMI )

‘ Where’re EMI filters ?
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Eyes of EMI filter designers

|
= EMI filter designers thinks in terms
of attenuation, insertion loss, voltage

drop and the number of filter sections
required to meet the insertion loss

= True filter houses speak of poles,

zeros, group delay, predistortion,
attenuation and the order of the filter

5 Basic concepts




Basic concepts

m Insertion Loss
= Lump Element Low Pass Filters

Insertion Loss




What’s Insertion Loss ?

= The Insertion Loss ( IL s ) gives the
reduction in the load voltage at the

frequency of interest due to the
insertion of the filter

What’s Insertion Loss ? ( con’t)

%
]LdB =20 log 10 L,wo
VL,W

V) wo = The output voltage of the signal source without
/ the fiter being connected in the circuit

I/L/W = The output voltage of the signal source at the output
terminals of the filter with the fifter in the circuit

( not transfer function )

10




_ Insertion loss ( con’t)
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7Lump element Low Pass filters
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Lump Element Low-Pass Filters

» Filtering concept
= The simple capacitive filter
= The simple Inductive filter

m Cascade LC, T, 9 and Why should
be cascaded ?

n EMI filter
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Filtering concepts

m Fiters are designed to attenuate at
certain frequencies whie permitting

energy at other frequencies to pass
unchanged

m The role of a fiter in attenuating by
providing maximum mismatch impedance
at undesired frequencies while providing

maximum matching impedance at desired
fr NCi nchan
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Various signal filters
I

Figure 3A
Different types of single-line filtar
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i Simple capacitive filter
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The simple capacitive filter

1 +

Z
IL 4 log 10 Zp
C
z Z
’ 1/joC Z, = The Impedance of the

parallel combination of
Zyand Z,

(Zg*zl)/(zg+zl)

Z. = The impedance of the
fitering capacitor,
1/joC

Generator I.Da-d
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The simple capacitive filter ( con’t)

I
n Capacitive is effective as a filter when

7, <<z

Therefore, Source and Load impedance

connected with capacitor should be high
impedance

= Insertion level = 20dB/decade
= 6 dB/octave
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The simple capacitive filter ( con’t )
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Figure 10-3 Capacitor filter and its response characteristics
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The simple capacitive filter ( con’t )

Figure 2-4. Capacitor attenuation versus frequency and Zp. {;cpyrigrut =]
1991, EMC Services. All rights reserved. Printed with permission.)
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- Simple inductive filter
I
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The simple inductive filter

joL 1Ly, <20)og,, |1+ sz
Zg Z
Z,.m =The Impedance of the
series combination of
Zgand Z,, (Z4+Z))
Generator Load

Z.« = The impedance of the
fitering inductor, joL
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The simple Inductive filter ( con’t )

» Inductive is effective as a filter when

. >>7
ind sum

Therefore, Source and Load impedance

connected with inductor should be low
impedance

= Insertion level = 20dB/decade
= 6 dB/octave
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The simple Inductive filter ( con’t )
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C = parasitic capacitance Figure 10-5 Inductor filter
R = parasitic resistance
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‘ The simple Inductive filter ( con’t )

ATTENTUATION, d8

100

SUM OF SOURCE AND
LOAD IMPEDANCE Y01 FREQUENCY (MHz)

Figure 2-7. Inductor attenuation versus frequency and Zoym. [Copyright ©
1991, EMC Services. All rights reserved. Frinted with perrmission )
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Cascade filter
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Cascade LC, T, § and Why should be cascaded ?

n How should you do ? if Zin and Zout is
dissimilar ,for example : Zin = high, Zout =
low or vice versa, or when you want to
increase the Insertion Loss !!

Ans Cascade LC, T and 7 fiters are mostly
useful when the source and load impedances

are very dissimiar or when you want to
increase the insertion loss!!!

27

LC filter
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Figure 10-7 m-section filter

10-2-2-4 m-Section Filter. This configuration, which is shown in Figure 10-7(a), is

the most common type used in practice. Its advantages include an ease of manufacture,

higher insertion loss over a broad frequency band, and moderate space requirements.
When Z, = Z; = Rp, the insertion loss [4] is given by

T —filter
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Figure 10-8 T-section low-pass filter




Conclusion for effective filtering

z2.~Z1 High Low

High

;

Low

Figure 2-9. Filter selection matrix. (Copyright © 1991, EMC Services. All
rights reserved. Printed with permission.}
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Conclusion for effective filtering ( con’t)

Pl High Low

High é) - - ﬁ»—,
- Q.

Figure 2-10. Higher order roll-off filter selection matrix. (Copyright ® 1991,
. EMC Services. All rights reserved. Printed with permission.)
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= EMI FILTER
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EMI filter

Construction and Design
Toroid cover for perfectinsulation, with buill-in spacersto

maintain creepage distance between windings. (1)
- Precision bal

nce of inductance between windings to prevent
core saturation al full nad. @

- Only capacitors that comply with VDE 0565-1 are used @
- Low leakage current. @)

- Both crimped and soldered connections. (&

- Anti-ratation terminals 1o pravent open connections., B
- Corasion-proof case.
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Main Idea !!!
I

* Diagnosing conducted EMI noise mode

Two conducted noise modes :
Differential Mode (DM) and Common Mode (CM),
Dealt with rately in EMI filter ign

¢ Methods:

x> Differential mode rejection network
x> Current probe

X>Noise separator

A basic of EMI filter diagram
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Common mode choke

Common-made filtering

/ Cabledttzd chokes

- shown here
PCB-mounted
componenls use
same prncipke

e TJLMF
o I\JM Absruatian Gommon
e

Maode
r
{Tine |
M Zogircuit CMehoks A Secircuit CM choke
A G choke i aninductor (usually a solt ferile cylinder, Differantial
toroid, ar rectangls ) whers all e relevant conductons are Mode
waund tegethar around s sams cora, Often wound &i-filar,
trifilar, et
Fraguancy
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Effect of the filter elements on Common
and Differential mode currents

Magnetic flux caused by
comman mode current

is accumulated, producing
impedance.

Differential mode

Since magnetic flux caused by Since leakage flux is produced, magnetic flux caused by differential
dnflarelnl\ammodas%unenl_ mode current does not entirely cancel eut. Therefore, differential mode
cancels out, impedance is i

ot produced. inductance is produced.

ldea Common mode choke

Actual Common mode choke
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Separation of the conducted Emissions into
Common and Differential mode currents

@ ) 7

Fraquency (MHz) No Filter used. Both ¥ and Y-capacitor used.
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-capacitor, v-capacitor,

and common moda chokes 3l used.
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} Higher performance mains EMI filters
|

o Y'Y\

LO
| ol
o T.~ T :
ains NO U quipment

Eie--IYYY

Earth line choke

Differential line chokes

Figure 7.24 Higher performance mains fiter
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Metal Oxide Varistors ( MOVs )

Figure 5F Combining an MOV with a GDT

W
mmmm.nrwna LN
utmm chl‘lpﬂdw 1
Gas Discharges Tubs Matal Oxida Varistor
[GDT] or SCR type [m or Avalanche type
mmnoﬂumn hpmlmlmfﬂlnpﬂnk
surge ene overvoltage while the GDT ers
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Metal Oxide Varistors ( MOVs )

Figura 3H

Typical performance of the four main types of SPD
(ignoring the effects of inductance in their winng o earth bomding)

“Lat-through" Trigger voltaga
voltage - {GOT and SCR types)

Final "clamping” voltages
|

MOV and
B, B B avalanche types

GDT and SCR types

«

Maximurm systarn DC voltage o ensure GOT or thyrisbor
SPDs stop cond ucting after the surge is over

Time
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Common
mode choke
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