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= Filter basics
= Passive filters
= Practical filter topologies
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FILTER BASICS




Filter — Function

What is the function of a filter?

= reduction of the coupling of interferences between two points
= |owering the emission of disturbances

= increasing the immunity against disturbances

= preferably no interaction with the wanted signal
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Filter — Complexity

= How much effort does it take to design the proper filter?

= The filter design depends on the “spectral distance” between the disturbance and the wanted signal.

= So we look at the filter characteristics in spectral domain.
Level - Useful Signal

= Filtering can be complex if the spectral distance is short. - Noise

= |f the spectral distance is large enough,
the design of a filter becomes simple.

Frequency

Easy to filter Complex Easy to filter
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Basic types of filters
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Filter

passive

low-pass

high-pass

band-pass

band-reject
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Filter — Principle

= Adiscrete filter consists of
» ...at least two (discrete) components,

* ...whereas at least one component must be frequency-selective.

Z4

o o .
Filter input ? Filter output

2

1 T 1

—> match for the wanted signal

—> mismatch for the disturbance signal

Afilter is a frequency-dependent voltage divider.
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PASSIVE FILTERS




Passive filter topologies

T \ low-pass filter m
[+ J__ 0 0.1
/7 high-pass filter { ,
Cr J?_ QO D.l:).o”- 0.5 1.0 ”m':z_)summw'w 2.0 2.5
W"? band-pass filter :L MMW e ——

band-reject filter
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Filter order

= The filter order is determinded by the number of energy storage elements (L & ().
Low-pass example: first order

R

o o ff —~ X = _i
U; U ¢ wC

1n out

Xc
{ . ]
| ow-pass example: second order
X

: I ° ft ~x=oLt
Uin Uout 1

_T_ ffMXc=_R

1
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Low-pass filter — Basics

First order: Transfer function and cutoff frequency:
R
© ° Uout 1 -
i ﬂ(w) — = — . e—]-arctan(w-R-C)
%Tin Xc %T(_)ut Un J1+4+(w-R-C()2
_ 1
fel =5 RC
Second order:
R XL IXC | —j-arctan(L)
H = . X1+Xc
o— 4- o H{w) \/RZ + (X, + X)? €
Qin Uout
_T_ _T_ 1 RZ 1 R
fe=am\laz e 2z
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Low-pass filter — Amplitude response

-50 7
-60 7]

=707

|5l 4p
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Low-pass filter — Effect on digital signals

Example:

T=1.3ps fem R Z T
_ _ - PULSE(D 501e7 1e-7 6de-7 13e-7).

trise_tfa||_100ns i '":a':‘:‘"e':G:::::: L

U=5V

10dB

8B

R=50Q &

2dB=---

V{n002) . ¥[n002) Vin001)
v v oo v I v o v v I oy v v v ] v v v v

0dB
-2dB -

-4dB -

C=10nF
-BdB -

1048 -

12dB -

14dB -

16dB

18dB -

-200B= -

22dB

-2406

-26dB

L T L B"’ L] L) L] T T L L] L] L] L)
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 0.0ps 0.5)18 1.0ps 1.5p1s 2.0ps 2.6jis 3.0p8 3.5)18 A.0ps 158

Amplitude response === [Nput === Qutput

The low-pass filter has an averaging effect on the input signal.
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PRACTICAL FILTER

TOPOLOGIES




Recommended filter topologies
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Source impedance
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low

high

unkn./high

low

unkn./low

Load impedance

high LC-filter

high

unkn./high ni-filter

low

unkn./low T-filter



Filter topologies — Demoboard

Parallel-C-filter

L-filter

LC-filter

[T1-filter

T-filter
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Filter topologies — LTspice simulation
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L-filter using WE-CBF

= The resistive losses R( f ) are used to convert differential-mode noise
into heat.
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Filter elements — Inductance / CBF

. . L
= Parasitic capacitances Cp: —QMQ— p

* |nductance:  10pF ... 500pF o—— @ R

p

= Chip bead ferrite: 5fF ... 5pF
= Loss resistances Rp: I I Cp

* |nductance: < 30kQ

= (Chip bead ferrite: 10Q ... 3kQ R

Z| Nlog] 4 p
Inductance fres = 21T - Lp . Cp
1Z(fres)| = Ry
> f llog]
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Selection of CBF — REDEXPERT

WURTH
ELEKTRONIK

Yo Filters: Series = WE-CBF HF, WE-CBF Size = 0603

- Y Order Code Series Y Size

System

— 742792621 WE-CBF 0603

JL

Pulse 742792622 WE-CBF 0603
742861118 X 742792622 742792621
WE-CBF HF - 0603 WE-CBF - 0603 WE-CBF - 0603

180 0 180 Q2 1400
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Is selected

Spec | Type

de Band

High Speed

gz | Wide Band

mpedance

1.25A

1.50A

0.00A v

Frequency

W Y H Y

0.800 mm | 0.800 mm |

EXPERT® Ferrites for PCB Assembly
Spec. Z | e VL N e N L Y g
B0 300 © @450 MHz 487 nH 0.315 pF 2286@  1.60mm
140 Q 430 Q @550 MHz 200 nH 0.585 pF 408 Q 1.60mm  0.800 mm
180Q 290 Q@380 MHz 0.680 pF 2772 | 1.60mm  0.800 mm

0.800 mm

0.800 mm




Filter topologies — L-filter

O O

\.; .
3000000009000000000() S
iﬁ nl v i

= | -filter

(e
%
(@)

A% \oooooooooooooooo(“’ A
T/ ;

= A chip bead ferrite is used as an inductance. ° '—ﬁwQ\
= WE-CBF 742 792 093; ! AN )’
NN
= Z,..=30000 @ 80MHz o T g
' N
= A=-29dB @ 80MHz % s \\ /,/
é 20 k‘ 7
- N
\iIV4
N
-30 -
Calculated 35
Measured 4

1 10 fin MHz 100 1000
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L-filter — Example measurement

20
O _|
N~~~~\
-20
SN
S
c -40
()
§e)
:'::'S -60 I | L
c
(®))
®©
=
'80 LB |
- |_-Filter (Attenuation)
-100 | =L-Filter (Simulation)
——Reference measurement
——Measured with filter
_120 I I I T T T 1
1 10 Frequency in MHz 100 1000
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Filter elements — Capacitance

= Extension of the L-filter with another frequency-dependent element:

- C.apgcitor / capacitance R, L, C,
= Series inductance Ls:

= SMDtype: 1nH...5nH m—l I_
= Series resistance Rs:

= SMD type: 20mQ ... 300mQ (1Q)

A
Z| Nog]
. 1
w - C w - Ls —

S fres 21 /L. - C.

|Z(fres)| = Ry

R
fres > f [log]
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Filter topologies — Capacitance

REDEXPERT"
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MLCC Capacitors

3 -
5 : T
] Size 0805
E 10

100 mL 4

10 mil

" CELOPFL RS 285012207011 885012007008 885012007004
WCAP-CSGP - ¥X7TR - 0805 WCAP-CSGP - ¥7TR - 0803 WCAP-CSGP - NPD - 08053 WCAP-CSGP - NPO - 0805
100 nF-100% 10.0nF- 100V 1.00 nF - 100V 100 pF - 100V
Y N ——
1ma T T T T T T T
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz 10 GHz
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Capcitance Technologie

REDEXPERT"

Show Panel:

10 kL g

100 pF = 1210 —=XR5 - 6,3V
100 nF — 0805- X7R - 10V

1k o

Electrolytic
= 100 pF — 10V — WCAP-ATGO8
w100 NF — 35V — WCAP-ATGO8

1000 4

100 4

Impedance

100 mil 4

10 mi 4

1 m T T T T T T
100 Hz 1kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz

Frequency
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Filter topologies — Parallel-C-filter

T ¢ 4 N @
. ol 2 c3 ¥ " s‘}oooooooo—‘gqooo()oo \
« Parallel-C-filter Im Lon I100n B & 2009008 B oooooeel

« Resonances: 0

- - ~ ™ \ P74 ol
= — 27 /

?.1 %LZ
Dm

/
/
/

AN
\\\

Attenuation in dB
/
7
AN

-81

-90

1 10 fin MHz 100 1000
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Filter topologies — Parallel-C-filter

= Comparison of measurement and simulation 0 :
|
= C,=1nF E |
|
= (,=10nF -20 ] pe
N : Tt
= (C;=100nF . ) /\ e
_-Z 40 \\\\ E / /?/
f 1 S N i / ; V
res = [ ) /
21+ L - C 5 . \'/
< . '
= Example:
L. =1nH 0
|
" Frocs= 15.915MHz Calculated !
Measured -100 :
1 10 fin MHz 100 1000

L | EMC FILTER TOPOLOGIES

EXTERNAL | TECHNICAL ACADEMY | 03.01.2022



Filter topologies — Parallel-C-filter

T ¢ 4 N @
. ol 2 c3 ¥ " s‘}oooooooo—‘gqooo()oo \
« Parallel-C-filter Im Lon I100n B & 2009008 B oooooeel
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Filter topologies — Parallel-C-filter

» Comparison of measurement and simulation

cjl =1nF 0
C,=10nF
20

C;=100nF

!

freS - 21T - LS . C __.%
Example: g .
L,=1nH
fres,C3 =15.915MHz -80
Calculated

Measured -100
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Parallel-C-filter — Example measurement

20 I I I I I 1
- C-Filter (Attenuation)
= C-Filter (Simulation)
0 | —Reference measurement
——Measured with filter A
-20 / | |t
% \\ / ”————-—-,—- HTT
£ B S / 7 LHAT
= -40 7 4 =
xe, NS d
2 N
S -60 \ |
=
-80
-100
-120
1 10 Frequency in MHz 100 L
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Filter topologies — I'-filter

(&)

6 _-""

20000000 oo ooooooo

® r-fl|tel’ Imon g - )oooooooooo ooooooc

« Comparison of measuremen’g and simulation

WE-CBF 742 792 093 N

C = 100nF AN L

-36

W\

-72

Calculated 1 :

/AN
7/
AN

Attenuation in dB

Measured
1 10 fin MHz 100 1000
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I'-filter — Example measurement

20 | T T T
= |_C-Filter (Attenuation)
= |_C-Filter (Simulation)
0 | — Reference measurement
——Measured with filter
-20 d
m ,u"- L
© ‘i"’ ]
£ 40 \\ "',f"”‘,.-
(O} s » B
E NN | LT
= \:\ ’ CH
.60 \:\ | |
=
-80
-100
-120
1 10 Frequency in MHz 100 1000
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Filter topologies — Il-filter

D) (o

l1 J-100 FRRE. it 560000600 00000000¢ i
. n n : i o UL |5 f-.
« M-filter I [ A ‘ RSN L Y
=~ 4
- a

« Comparison of measurement and simulation

WE-CBF 742 792 093

-18

C,=1nF 27

-36 ~ I

/
/

/T
7

C, =100nF

-45 < f‘

Attenuation in dB

—

Calculated st

oo

Measured o
1 10 fin MHz 100 1000
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Filter topologies — Il-filter

= Lowering the noise current reflected from the ICinput

Charging due to Charging due to Cs Charging due to parasitic

V.-cap capacitance <10nF capacitances

>tin ns
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Filter topologies — Il-filter

= Lowering the noise current reflected from the IC input Example:
Tolerable voltage drop
Charging due to Charging due to Cs Charging due to parasitic of 200mV at a peak
V.-cap capacitance <10nF capacitances
current of
40mA @ t = 5ns:
Co—1 At
\/\’ s =1Ipk- E
/ C. = 40mA Sns
o . s = R 200my
tinns
0 1 2 3 4 5 Cs = 1nF
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[1-filter — Example measurement

20 I I I I I I I I
- Pi-Filter (Attenuation)
= Pij-Filter (Simulation)
0 -+ — Reference measurement
——Measured with filter
-20 \
\
e \\\\
_5-40 \‘ | I
% \ |\ “ ”f""—
- o~ ,I"’
5-60 i ‘1 w | || W i
® ! "
= 1WA i
_ l Il ‘.“ i .thﬂ. I . ‘\‘ulﬂl |
80 | l""y"”wm'f"‘!ll L NI
-100 \V
-120
1 10 Frequency in MHz 100 1000
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Filter topologies — T-filter

L
« T-filter T oon

« Comparison of measurement and simulation

WE-CBF 742 792 040

-18

\k y

C =100nF

WE-CBF 742 792 093 % 2 w\ %9
= -36 AN //
5 B /]
2

N A
. 14

Calculated s

P

[/
/

N
<

Measured -90
1 10 fin MHz 100 1000
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T-filter — Example measurement

20 ‘ FTH
—=T-Filter (Attenuation)
= T-Filter (Simulation)
0 -+ —Reference measurement
——Measured with filter
-20
(a8}
© N
£-40 J 1
o N il
= \§\ /::"’
.60 N | | i
- NS
(o) \\
®
g N
-80
-100
-120
1 10 Frequency in MHz 100 1000
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