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ACTIVE-RC FILTER ARCHITECTURES

» We will discuss first-order and second-order filters based on general inverter

configurations.

» This approach will be based on two key building blocks.
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Particular cases are easily derived from (3) and (4)

— Integrator: C; -0 , Rg—w
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— One pole and one zero
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What are the key differences between Egs. (4) and (5)?

Exercise 1. Obtain the transfer function of the following circuit.
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We can design a second-order filter by cascading two inverters. i.e.
b
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Second-Order Filters Based on a Two-Integrator Loop.

e

>
_Ra|_Rg
_ Ry

—o 'V,
R,

M\

Re1 Rey

R Ry
What are the locations of the poles?
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To have complex poles it requires that

(CrRm ) +(CraRe2)’ —2CHRECroREy <02

Which it is impossible to satisfy. Therefore, cascading two first-order filter yield a
second-order filter with only real poles.

The general form of the second order two-integrator loop has the following topology.
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Note the similarity of Eq. (7a) with (2). Also observe that A “-1” needs to be inserted
before or after the second inverter to yield a negative feedback loop.

Let us consider the following filter where
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By injecting in different current summing nodes a general biquad filter can be obtained.

WA
Ry Rr2

Cr

Vep=V, O MA
Reo/K3
-Vpgp=V; © 'VV\,
V. 1 RE2/R2 _
3
V. = sCrR3 (1+SCeREp) (1+5CeREy) (L+5CeRE)
° 1. 1L Re2/R;
+
sCgR1 (1+5CeoREp)
V. L +V,5CR1K, —VosCiR, K
3 2SCrR1K, = V5sCiR1K,
v - crRsCrpR;
o S 1
2
5% +

_|_
CraRp2 CHRICroR,



Exercise 2. Obtain the expressions of V,, and V,,

More general biquad expressions and topologies can be obtained by adding a summer.

VA 7= Vot = —K1oVin — Koo Vo1 — K3V
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Exercise 3. Draw an active-RC topology of the block diagram show above.

Exercise 4 a) For only V; #0 obtain V, and V,, when instead of the resistor R.,/K; a
capacitor K, C, is used. b) For only V3 #0 obtain V,, when the resistor R, is replaced
by a capacitor K ,zC,.



By using also the positive input of the op amp other useful filters can be obtained.
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Sallen and Key Bandpass Filter
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Using Nodal Analysis

K is a non-inverting amplifier
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A particular case is for R,=R,=R,=R, C;=C,=C

Then
, 2 J2

(DO:(RC)Z ; Q:4—K

or for a given o, and Q

RC:Q and K:4—£
OR Q

Exercise 5. Prove the transfer function is a BP filter of the following circuit
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Another technique for analysis and design based on state-variable uses building blocks.

CIRCUIT REPRESENTATION
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Let us apply to a two-integrator loop plus Mason’s Rule.
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Next we show that we can go from an Active-RC representation into a
block diagram or vice versa.

AWV
R4
S
M\ A AWy I A I
Vi
% Vip Vep —O Vip
AW\
R2

1/s Ver i %—OVLP
1

KHN Biquad Filter



_Rs _Rs2
Ve _ Rs _ R3
Vi, Kq 1, Rs/Ry &2 Ko Rs/Ry
R6C1 S R6C1R7C252 RGC]_ R6C1R7C2

16



