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g
5 Wroclaw University of Technology

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
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Active filters

Types of active filters:

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

« continuous time filters

« switched capacitor 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 (li Il kind)
Eliptic (Cauer)
Bessel (Thompson)

Butterworth - Thompson
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Active filters realization

Active filters can be realized as:
« continuous time filters - analog filters

« switched capacitor filters
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Low-Pass filter

A A

passband

cutoff frequency
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High-Pass filter

3 passband

stopband :

f1
cutoff frequency
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Band-Pass filter

A A
3 passband ‘
stopband stopband
‘ ; > f
f1 f2
cutoff frequencies
f2-f1 = bandwith
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Band-Stop filter

A A

passband

passband

f2 1
cutoff frequencies
f1-f2 = stop-bandwith
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All-Pass filter

(phase depends on frequency)

passband
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Passband and Stopband attenuation

0 [dB]
Aass[dB]

Astop[dB]

roll-off = ?
dB/octave or
dB/decade
passband ' i

stopband

P f
fo! fs’
cutoff & stop frequencies
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Order of a filter

T il
a,s ta, s t..ta, _a

m i

“u, (s) b5 +b, 5" +..+b, b, I_l(s p/)

J

-2)

n = number of capacitors and inductances (LC - filter)
n = number of capacitors (RC - filters)
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Butterworth approximation

pass-band max flatness

AldB]

f [log]

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

-Y for stop & pass -band
Phase/impule response = acceptable
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Chebyshev (I) approximation

pass-band rippels

AldB]

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 (ll) approximation

stpop-band rippels

AldB]

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

24.02.2019

T2
’2 Wroclaw University of Technology

Eliptic (Cauer) approximation

stpop & pass -band rippels

AldB]

S
>

f [log]
Roll-off > 20n dB/decade
Roll-off > 6n dB/octave
Phase/impule response = bad
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Bessel approximation

---linera phase

AldB]

f [log]

\ 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]
A
O[H
[Hz] > f [linear]
180[deg]
360[deg|
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6th order filter attenuation

felss) | 2rciad

Bessel 3 14
Butteworth 3 36
Chebyshev 3 63

Invers Chebyshev (1) 3 63

elliptic 3 93

Step response
Buttewoth, inv.Chebyshev (l)

- ——— time[s]
0.0 0.2 0.4 06 08 10 1.2 1.4 16 1.8 2.0

=0,2
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Step response
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Time delay
Bessel
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band- pass Butteworth

AldB]

f [log]
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band- pass Chebyshev

AldB]

f [log]

>
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band- pass inver Chebyshev (ll)

AldB]

f [log]

>
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band- pass elliptic

AldB]

f [log]

'%g Wroclaw University of Technology

band- pass Bessel

AldB]

f [log]

>
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band- stop Butteworth

AldB]

f [log]
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band- pass Chebyshev

AldB]

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

AldB]

f [log]
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band- pass elliptic

AldB]

f [log]
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band- pass Bessel

AldB]

f [log]
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Filter approximation
general features

Type passbal stopband | Roll-off | Step
response

Bessel flat monotonic  poor best
Butteworth flat monotonic  good good
Chebyshev rippled monotonic v. good poor

In.Chebyshev (ll) flat rippled best poor
Elliptic (Cauer) rippled rippled best poor
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Active filter
implementation
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Active filters - introduction

Transmittance:

H(s) - Ui (S) _a,s" +a, 5"+ +a, =4 I_I (S )

-z
U,(s)  bs"+b,_s"" +..+b, 17:1 h(s—pj)

J

a;, b; - real numbers

z;, py - zeros and poles of transmittance

H(s) =|H () expljg ()]

[H(s)| - amplitude transmittance

@(s) - phase transmittance
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Degree of N,(s) < degree of M(s) <2

For M(s) = 2 biquadratic section:

I ( ) a,s’ +a;s+a, Nk(s)
s)= =
k

s> +bs+b, s> +bs+b,
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Active filters - intro

Biquadratic section can be expressed as:

Nk(s) — Nk(s)
32+&S+wg (S_pl)(s_l’z)
0

Hk(s):

where: p,,p, - poles of the transmittance

For quality Q>1/2 poles are complex numbers

- a‘O -a‘l] 2 — .
=-——+j—440" -1=0, % jw
Pis 20 12Q 0 PE 2
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Active filters - intro

Real and imaginary parts are:
@, 1

g =—-——
P 2Q P

Specific frequency and quality are

2 B
o, tw,
B - _ » b _ @,
Wy =40, tw, O=——7F—F—=7—
20”‘ 2‘0”‘
Dumping factor:
1
a=—
20
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Active filters - intro

When denominator is writen in he form:

7
s> +bs+b, =5’ +60s+a),J

Parameters Q (quality) and w, (characteristic frequency)

_ab
0=
@, =4lb,

by, b - real coefficients
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Interpretation of Q and w,

— 20 dB/dek

HLI’ (S) = H(J
logew S2 +&S +
o't
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Interpretation of Q and w,

0
w,
loga s+ °s+w§
0

15
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Filtry aktywne - wprowadzenie

Q, = * - eliptic fiilter with transfer function:

Low pass filter

f [log]

\

16
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High pass filter

AldB]

f [log]
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LOW - BAND PASS

Band pass filter

f [log]

f [log]
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order of Ny(s) < order of M,(s) < 2

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

H (S):azsz+als+a0 - N, (s) N, (s)
k s’ +bs+b, sT+bs+b, as’+bs+l
_a15+a0
OR Hie( )_bls+b0
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N i P

Chebyshe filters, 0.5 B ripple

1 1 00000 1.000 L
2 1 13827 1000 036
3 1 00000 0537 -

2 11931 1335 1

4 1 34341 0538 o7

2 11509 1419 294
5 1 00000 0342 -
2 23534 0.881 L1§
3 1.0833 1450 454
6 1 69797 0366 068
2 18573 1078 181
3 Lo71 1495 651
7 1 00000 0249 -
3 41795 0645 109
3 15676 1208 258
4 10443 1517 884
8 1 11.9607 0276 068
2 29365 0. 161
3 14206 1284 347
4 1.0407 1521 nss
9 1 00000 0.195 -
2 66307 0.506 106
3 22908 0989 221
4 13133 13 448
s 10272 1532 1458
10 1 18.3695 022 067
2 43453 0.689 153
3 1 1091 289
4 12520 1381 561
5 10263 1533 1799

U R sCR

Y TR+ Vo sCR¥L

R 1 1

_ - _ N R
R+%w 1+%wCR 1+A% 1*%{0 1+-%

f‘:

1

27RC
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_ 1 _ 1 _ 1 _ fi= 1
T T o/ L > 2mRC
“f‘"y I AA 1+]%2

RC
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Active filters

Sallen - Key low pass implementation

R1 | R2
Uwe!

cz27 Uwy

R4
R3

'%g Wroclaw University of Technology

Sallen - Key low pass implementation

Transmittance:

1+R4/R3
_UL(s) _ RR,CC,
H”’(s)_U (s) 1 .1 _RJR 1
we $2 4 + FIEATVEA T PO
RlCl RZCI R2C2 R1R2C1C2
where:
o
1 _ JRR,C,C,

W = =
VR R,C\C, ¢ [ 1 . 1 +R4/R3J

RC R(C R,
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Sallen - Key high pass implementation

(1+R,/R,)s

H (s)=
”” Ua(s) o L 1 (R/R) , 1
R,C, RC, RC RR,C,C,

Sallen - Key band pass
implementation
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Sallen - Key band pass

implementation

1+R/R,

H (s):Uwr(s): RCG
o U, (s) SZ+[ L, 1,1 +M]S+ R +R,
RC, RC, RC, RC ) RRRCGC,

+
RC RC, RC RC

R +R,
@, = R *R, 0= [ RR,R,CC,

"\ RR,R,C,C, 1 Lt +R4/R3]
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LOW PASS
multiple negative feedback
c2
R1 R3 }
Uwe .
C1= Uwy

R4 l
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LOW PASS
multiple negative feedback
—_ RZ/R]
U5 R,R,C,C,
HLp(s)‘Uw(s)_ 2+i[1 +L+i] 1
C\R R, R,) RRCC,
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HIGH PASS

multiple negative feedback

R2

Uwy
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HIGH PASS

multiple negative feedback

Transfer function:

u,,(s) -C,/C, s*
H = ut - 1 2
HP(S) U,n(.&‘) &‘2+i C, +i+i 1
" R\GC, €, C,) RRCLC,

where:

P QJE ¢ FF |
VRR,C,C, R, | |C,C, C, C,

BAND PASS
multiple negative feedback

22
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BAND PASS

multiple negative feedback

N

H (s)zUW’(s)z RG
BP
U,(s) s2+S[ L1 )+ R+R,
R3C] R3CZ Rl RZR3C] C?.
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LC
resonant circuit (serial)
Af
S
C L r
J7 ! n
* " 2nyIC 1
fi
_ fo _ woL 1 f-todd
Q= Af - 1 90°
450
-45° f - [Hz]
-90°
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LC
resonant circuit (paralel)
Af
|Z/R|/—M
R 1
/2
f =
* " 2nVIC s - log]
fo R 90°
Q i — 450
Af  1/woC
-45° f - [Hz]
-9Q°
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Q-factor defibition

Q:&: )

Of Wy — Wy,

24.02.2019

T2
’2 Wroclaw University of Technology

Band pass

-3dB |

Uout f

/X 900

\/ o 50
; f
- 900

c1
RS
R3
R1 c2
+ R51
——
Uwe
R2
R7 Uwy
R4
R52 I
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Filtry aktywne - wielokrotne, ujemne

sprzezenie zwrotne

Transmitancja filtru:

H y(s)= —[1%6] H,,(s)+ ﬁj

Przy czestotliwosci sSrodkowej wa=@

_ v
‘HBP(“)_%X_IV H, :_1K
Hlw=w)=n
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BAND STOP (NOTCH FILTER)

Cl=C2=C
R4=R3=R
R2=RI=R'

= Yorwe
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phase shifter

(all pass filter of 1st order)

_1-sCR,
V., 1+sCR,
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Biquadrqtic monolithic universal filter
UF42 by TI (state variable filter)

Ra
Vo—yWA s

ll
2
W
gz g

U
u 1:@:d(UC5):UCS:UCSfS
R dt dt T
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C switched filter

Transfer function

Uwe

—

4o

Where: 7 = RC
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C switched filters

c
k
U, __1
I > U, T
Uwe I
Cs Uwy
j? I l T=CR, = ¢ -1
fS CS ZIfS
<
2 Cg
n =(50+200)
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4 biquadratic filters with switched

capacitors in LTC1064 by LT
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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)
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