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ACTIVE FILTERS
@

A popular application uses op-amps to build active filter circuits. A filter circuit can
be constructed using passive components: resistors and capacitors. An active filter
additionally uses an amplifier to provide voltage amplification and signal isolation or
buffering.

A filter that provides a constant output from dc up to a cutoff frequency foy and then
passes no signal above that frequency is called an ideal low-pass filter. The ideal response
of a low-pass filter is shown in Fig. A filter that provides or passes signals above
a cutoff frequency for is a high-pass filter, as idealized in Fig. b. When the filter
circuit passes signals that are above one ideal cutoff frequency and below a second cutoff
frequency, it is called a bandpass filter, as idealized in Fig. C.
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Low-Pass Filter

A first-order, low-pass filter using a single resistor and capacitor as in Fig. a has a
practical slope of —20 dB per decade, as shown in Fig. b (rather than the ideal response
of Fig. a). The voltage gain below the cutoff frequency is constant at
Ry
Ay =1+ —
¥ RC

at a cutoff frequency of
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First-order low-pass active filter.
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Connecting two sections of filter as in Fig. results in a second-order low-pass filter
with cutoff at —40 dB per decade—<closer to the ideal characteristic of Fig. The
circuit voltage gain and the cutoff frequency are the same for the second-order circuit as
for the first-order filter circuit, except that the filter response drops at a faster rate for a

second-order filter circuit
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EXAMPLE Calculate the cutoff frequency of a first-order low-pass filter for
R, = 1.2k and C) = 0.02 uF.
Solution:
1 1
Jou = = 6.63 kHz

27R,C;  2m(1.2 X 10°)0.02 X 107%)
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High-Pass Active Filter

First- and second-order high-pass active filters can be built as shown in Fig. . The
amplifier gain is calculated using Eq. ( ). The amplifier cutoff frequency is

1

Jo. =30k,

with a second-order filter Ry = R, and C; = (5 results in the same cutoff frequency as in
Eq. ( ).
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High-pass filter: (a) first arder: (b) second order: (c) response plot.
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EXAMPLE Calculate the cutoff frequency of a second-order high-pass filter as in Fig.
forRy = R, = 2.1k, C; = C, = 005 uF, and R; = 10k, Ry = 50k().
Solution:
Ry 5
A= it g 4 g
Rg; 10k

The cutoff frequency is then
o= 1 - 1
OL 7 2mR\C,  2a(21 x 10°9(0.05 x 10°9)

= L5kHz
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Bandpass Filter

Figure 11.34 shows a bandpass filter using two stages, the first a high-pass filter and the
second a low-pass filter, the combined operation being the desired bandpass response.
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EXAMPLE Calculate the cutoff frequencies of the bandpass filter circuit of Fig.
with Ry = R, = 10k(2, C, = 0.1 uF, and C; = 0.002 uF.

Solution:
| |
= = = 159.15 Hz
Jou 2aR,Cy  2#(10 x 10°)0.1 x 10°%)
| |

— == 7.96'(}'
fou 27R,C;  2m(10 % 10°)(0.002 x 107%) i
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