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▪ Filter basics
▪ Passive filters
▪ Practical filter topologies
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Filter – Function

▪ What is the function of a filter?

▪  reduction of the coupling of interferences between two points
▪  lowering 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. 

▪ Filtering can be complex if the spectral distance is short.
▪ If the spectral distance is large enough, 
          the design of a filter becomes simple.
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Basic types of filters

Filter

passive active

low-pass

high-pass

band-pass

band-reject

not our scope
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Filter – Principle

▪ A discrete filter consists of

• …at least two (discrete) components,

• …whereas at least one component must be frequency-selective.

→  match for the wanted signal

→  mismatch for the disturbance signal

Filter input

𝑍1

𝑍2
𝑈in 𝑈out

Filter output

A filter is a frequency-dependent voltage divider.
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Passive filter topologies

low-pass filter

high-pass filter

band-pass filter

band-reject filter
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Filter order

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

𝑋𝐶

𝑅

𝑈in 𝑈out

𝑋𝐿

𝑋𝐶
𝑈in 𝑈out

𝑓

𝑓

𝑓

𝑋𝐶 = −
1

𝜔𝐶

𝑋𝐿 = 𝜔𝐿

𝑋𝐶 = −
1

𝜔𝐶

Low-pass example: second order
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Low-pass filter – Basics

First order:

𝑋𝐶

𝑅

𝑈in 𝑈out

𝑋𝐿

𝑋𝐶
𝑈in 𝑈out

𝑅

Second order:

𝑓c1 =
1

2π ⋅ 𝑅 ⋅ 𝐶

Transfer function and cutoff frequency:

𝐻 𝜔 =
𝑈out
𝑈in

=
1

1 + 𝜔 ⋅ 𝑅 ⋅ 𝐶 2
⋅ e−j⋅arctan 𝜔⋅𝑅⋅𝐶

𝐻 𝜔 =
𝑋𝐶

𝑅2 + 𝑋𝐿 + 𝑋𝐶
2
⋅ e

−j⋅arctan
𝑅

𝑋𝐿+𝑋𝐶

𝑓c2 =
1

2π
⋅

𝑅2

4𝐿2
+

1

𝐿 ⋅ 𝐶
−

𝑅

2𝐿
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Low-pass filter – Amplitude response

𝐻 dB

ൗ𝜔 s−1
𝜔c2𝜔c1
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Low-pass filter – Effect on digital signals

Example:

T=1.3µs

trise=tfall=100ns

U=5V

R=50Ω

C=10nF

𝑓c =
1

2π ⋅ 𝑅 ⋅ 𝐶
= 318.3kHz

Input OutputAmplitude response

The low-pass filter has an averaging effect on the input signal.
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Recommended filter topologies

C

L

C

C C

L

LL

C

low high

highhigh

unkn./high unkn./high

low low

unkn./low unkn./low

LC-filter

π-filter

T-filter

Source impedance Load impedance
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1n 10n 100n

100n

100n

100n1n

Filter topologies – Demoboard

▪ Parallel-C-filter

▪ L-filter

▪ LC-filter

▪ Π-filter

▪ T-filter

50Ω Reference
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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

▪ Parasitic capacitances Cp:
▪ Inductance:    10pF … 500pF
▪ Chip bead ferrite: 5fF … 5pF

▪ Loss resistances Rp:
▪ Inductance:     < 30kΩ
▪ Chip bead ferrite: 10Ω … 3kΩ

𝑓 log

𝑍 log

𝜔 ⋅ 𝐿p

1

𝜔 ⋅ 𝐶p

𝑅p

𝑓res

Inductance
CBF

𝑓res =
1

2π ⋅ 𝐿p ⋅ 𝐶p

𝑍 𝑓res = 𝑅p

𝑅p

𝐿p

𝐶p
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Selection of CBF – REDEXPERT
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Filter topologies – L-filter

▪ L-filter

▪ A chip bead ferrite is used as an inductance.
▪ WE-CBF 742 792 093:
▪ Zmax = 3000Ω @ 80MHz
▪ A = -29dB @ 80MHz
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L-filter – Example measurement
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Filter elements – Capacitance

▪ Extension of the L-filter with another frequency-dependent element:
▪ Capacitor / capacitance

▪ Series inductance Ls:
▪ SMD type: 1nH … 5nH

▪ Series resistance Rs:
▪ SMD type:   20mΩ … 300mΩ (1Ω)

𝜔 ⋅ 𝐿s

1

𝜔 ⋅ 𝐶s

𝑅s
𝑓 log

𝑍 log

𝑓res

𝑓res =
1

2π ⋅ 𝐿s ⋅ 𝐶s

𝑍 𝑓res = 𝑅s

𝑅s 𝐿s 𝐶s
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Filter topologies – Capacitance
Real Vs ideal
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Capcitance Technologie
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MLCC
- - - - 100 µF – 1210 –XR5 – 6,3V
- - - - 100 nF – 0805- X7R – 10V

Electrolytic
- 100 µF – 10V – WCAP-ATG08
- 100 nF – 35V – WCAP-ATG08
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Filter topologies – Parallel-C-filter

▪ Comparison of measurement and simulation
▪ C1 = 1nF
▪ C2 = 10nF
▪ C3 = 100nF

▪ Example:
Ls = 1nH

▪ fres,C3 = 15.915MHz
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• Comparison of measurement and simulation
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Parallel-C-filter – Example measurement
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Γ-filter – Example measurement
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IC Vcc

t in ns
0 1 2 3 4 5

Charging due to

Vcc-cap 

Charging due to Cs 

capacitance <10nF

Charging due to parasitic 

capacitances

Filter topologies – Π-filter

▪ Lowering the noise current reflected from the IC input
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Example:

Tolerable voltage drop

of 200mV at a peak

current of

40mA @ t = 5ns:

Filter topologies – Π-filter

▪ Lowering the noise current reflected from the IC input

t in ns
0 1 2 3 4 5

𝐶s = 𝐼pk ⋅
Δ𝑡

Δ𝑈

𝐶s = 40mA ⋅
5ns

200mV

𝐶s = 1nF

Charging due to

Vcc-cap 

Charging due to Cs 

capacitance <10nF

Charging due to parasitic 

capacitances
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Π-filter – Example measurement
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T-filter – Example measurement
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