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Active filters

Active filters

Electronic filters are circuits with signal processing functions, 

they remove unwanted frequency to enhance wanted ones.

Electronic filters can be:

• passive or active (RLC (SAW -surface acoustic wave) OR with active elements 
e.g. OpAmp)

• analog or digital (Signal Processing) or switched capacitor

Due to the way filters operate, the active filters can be classified as :

• continuous time filters

• switched capacitor filters

Types of active filters:

Active filters

Frequency specification:

• high-pass, 

• low-pass, 

• band-pass, 

• band-stop (band-rejection; notch), 

• all-pass (usually specific phase transmission)
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Active filters –
shape of transfer function

• Czebyszev (I i II kind)

• Eliptic (Cauer)

• Bessel (Thompson)

• Butterworth - Thompson 

Active filters realization

Active filters can be realized as:

• continuous time filters – analog filters

• switched capacitor filters

Low-Pass filter

stopband

passband

f2
cutoff frequency

Av

f
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High-Pass filter

stopband

passband

f1
cutoff frequency

Av

f

Band-Pass filter

stopband

passband

f1                            f2
cutoff frequencies
f2-f1 = bandwith

stopband

Av

f

Band-Stop filter

stopband

passband

f2                            f1
cutoff frequencies
f1-f2 = stop-bandwith

passband

Av

f
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All-Pass filter
(phase depends on frequency)

passband

Av

f

Passband and Stopband attenuation

stopband

passband

fc fs
cutoff & stop frequencies

Av

f

0 [dB]

Apass[dB]

Astop[dB]

roll-off = ? 
dB/octave or
dB/decade
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Order of a filter
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n = number of capacitors and inductances (LC – filter)
n = number of capacitors (RC – filters)

Butterworth approximation
pass-band max flatness 

max flatness of pass-band
Roll-off = 20*n dB/decade
Roll-off = 6*n dB/octave
-for low & high -pass

-½ for stop & pass –band

Phase/impule response = acceptable

Av[dB]

f [log]

Chebyshev (I) approximation
pass-band rippels

Av[dB]

f [log]

No.Rippels = n/2
Roll-off > 20n dB/decade
Roll-off > 6n dB/octave
Phase/impule response = bad
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Invers Chebyshev (II) approximation
stpop-band rippels

Av[dB]

f [log]

No.Rippels = n/2
Roll-off > 20n dB/decade
Roll-off > 6n dB/octave
Phase/impule response = bad

Eliptic (Cauer) approximation
stpop & pass -band rippels

Av[dB]

f [log]

Roll-off > 20n dB/decade
Roll-off > 6n dB/octave
Phase/impule response = bad

Av[dB]

f [log]

Bessel approximation
---linera phase

Roll-off < 20n dB/decade
Roll-off < 6n dB/octave
Phase/impule response = v.good
Time delay = flat v. frequency
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Bessel approximation
---linera phase

Phase[deg]

f [linear]
0[Hz]

180[deg]

360[deg]

6th order filter attenuation

Type fc [dB] 2fc [dB]

Bessel 3 14

Butteworth 3 36

Chebyshev 3 63

Invers Chebyshev (II) 3 63

elliptic 3 93

Step response
Buttewoth, inv.Chebyshev (I)
Vout[V]

time[s]
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Step response
Chebyshev (II), elliptic

Vout[V]

time[s]

Step response
Bessel

Vout[V]

time[s]

Time delay
elliptic
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Time delay
Bessel

band- pass  Butteworth

Av[dB]

f [log]

band- pass  Chebyshev

Av[dB]

f [log]
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band- pass  inver Chebyshev (II)

Av[dB]

f [log]

band- pass  elliptic

Av[dB]

f [log]

band- pass  Bessel

Av[dB]

f [log]
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band- stop  Butteworth

Av[dB]

f [log]

band- pass  Chebyshev

Av[dB]

f [log]

band- pass  inver Chebyshev (II)

Av[dB]

f [log]
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band- pass  elliptic

Av[dB]

f [log] 

band- pass  Bessel

Av[dB]

f [log]

Filter approximation
general features

Type passband stopband Roll-off Step
response

Bessel flat monotonic poor best

Butteworth flat monotonic good good

Chebyshev rippled monotonic v. good poor

In.Chebyshev (II) flat rippled best poor

Elliptic (Cauer) rippled rippled best poor
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Active filter
implementation

Active filters - introduction
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( ) ( ) ( )[ ]ωϕω jHsH exp=

Transmittance:

ai, bj – real numbers

zi, pj – zeros and poles of transmittance

|H(s)| - amplitude transmittance

φ(s) – phase transmittance
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Transmittance factorization:

Degree of Nk(s) ≤ degree of Mk(s) ≤ 2 

For Mk(s) = 2 biquadratic section: 

( ) ( )
01

2

01

2

01

2

2

bsbs

sN

bsbs

asasa
sH k

k ++
=

++
++

=

Active filters – introduction c.d.
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Active filters - intro
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Biquadratic section can be expressed as:

pp jQ
Q
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Q

p ωσωω
±=−+−= 14

22

200
2,1

where: p1,p2 – poles of the transmittance

For quality Q>1/2 poles are complex numbers

Q
p

2

0ωσ −=
20

4

1
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Q
p −= ωω

22

0 pp ωσω +=

Real and imaginary parts are:

pp

pp
Q

σ
ω

σ

ωσ

22

0

22

=
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Specific frequency and quality are

Dumping factor:

Q2

1=α

Active filters - intro

0

02

01

2 ωω
++=++ s

Q
sbsbs

1

0

b

b
Q =

When denominator is writen in he form:

00 b=ω

Parameters Q (quality) and ω0 (characteristic frequency)

b0,b1 – real coefficients 

Active filters - intro
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Interpretation of Q and ω0
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Interpretation of Q and ω0
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Interpretation of Q and ω0

Filtry aktywne - wprowadzenie
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Qz = ∞ - eliptic fiilter with transfer function:

Filters transformation

0ω
s
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Low pass filter

Av[dB]

f [log]

1
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LOW   HIGH pass

S
S

1→ High pass filter

Av[dB]

f [log]

1

LOW  BAND PASS

Av[dB]

f [log]

1








 +
∆Ω

→
S

SS
11

Band pass filter

~ΔΩ

LOW  BAND STOP








 +

∆Ω→

S
S

S
1

Av[dB]

f [log]

1

~ΔΩ
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Transmittance factorization:

order of Nk(s) ≤ order of Mk(s) ≤ 2 

For order Mk(s) = 2 biquadratic section, or =1 first order section: 

Active filters – factorization
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1st order high pass filer
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1st order low pass filer

Active filters
Sallen – Key low pass implementation
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Transmittance:

where:

Sallen – Key low pass implementation
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Sallen – Key high pass implementation
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Sallen – Key high pass implementation

Sallen – Key band pass 
implementation
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Sallen – Key band pass 
implementation

LOW PASS 
multiple negative feedback

( ) ( )
21323211

2

2132

12

1111

)(

CCRRRRRC

s
s

CCRR

RR

sU

sU
sH

we

wy

LP

+







+++

−
==

1

1

32

3

2

2

3

1

2

−




























++=

R

RR

R

R

R

R

C

C
Q

2132

0

1

CCRR
=ω

LOW PASS 
multiple negative feedback



24.02.2019

22

HIGH PASS 
multiple negative feedback
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HIGH PASS 
multiple negative feedback

BAND PASS 
multiple negative feedback
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BAND PASS 
multiple negative feedback
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LC
resonant circuit (serial)

f – [log]

|Z/r|

1

f – [Hz]

90o

f0

-90o

45o

-45o

√2

Δf

�� =
1

2� ��
�

� =
��

∆�
=
ω��

�

LC
resonant circuit (paralel)
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Q-factor defibition
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Filtry aktywne – wielokrotne, ujemne 
sprzężenie zwrotne
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phase shifter
(all pass filter of 1st order)
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Biquadrqtic monolithic universal filter 
UF42 by TI (state variable filter)

Switched capacitor filter
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C switched filter
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Transfer function

Where:

C switched filters
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C switched integrator

UIN

UIN

UOUT

UOUT



24.02.2019

28

ssC

Cf

U

U
SS

we

wy

τ
1==

SSS

ZAST
fCf

C
CR

π
ητ

2
===

C switched integrator

4 biquadratic filters with switched 
capacitors in LTC1064 by LT

Problems

1. Q-factor of a bandpass filter ?

2. Types of filters (band stop, b. pass etc.)

3. Types of frequency response of filters 
(Bessel, …..)

4. Biquadratic filter (biquad section)

5. Active filters topologies (Sallen – Key, 
multiple feedback, state variable, C-
switching)


