Active Filter

High-Pass Filter
Band-Pass Filter
Band-Reject Filter




|deal Filters

FILTER TYPE IDEAL FREQUENCY RESPONSE FILTERINPUT AND OUTPUT
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Passive Filter Limitations

They cannot generate gain greater than 1: passive
elements cannot add energy to the network

They may require bulky and expensive inductors

Loading effects: frequency response may change
depending on the impedances of the load



Active filters

= They are often smaller and less expensive, because they
do not require inductors. This makes feasible the
iIntegrated circuit realizations of filters.

= They can provide amplifier gain
= Active filters can be combined with buffer amplifiers

(voltage followers) to isolate each stage of the filter from
source and load impedance effects.



First-Order High-Pass Filter
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Band-Pass Filter
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An inverter

Low-pass filter
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The lowpass section sets the upper corner frequency as

1
Wy = ———

RC,

while the highpass section sets the lower corner frequency as
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At the center frequency wy = Vw,w,, the magnitude of the transfer
function 1s
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H(wy)| = |— Jo2 (TS @ (14.72)
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Thus, the passband gain 1s
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Band-Reject (Notch) Filter
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filter sets
W

High-pass
filter sets
(Uz > (Ul

Summing
amplifier

—) Z/’O: Z/’1+?/’2




H A

0.707 K






H( )_Rf( 1 | jo/w )
w Ri 1"‘]&)/&)2 | 1"‘]&)/6{)1

R+ j20/0, + (jo) /o)
Ri (1 + jo/o)(1 + jo/o)

(w — 0 and w — ») the gain i1s



wo = Vo, ,w-

Hw,) = Ry (1 + 2wo/w) + (jwo)’/ww))

R, (1 +jw0/w2)(1 "‘jwo/wl)
Ry 2w,

R; w, )




Sallen-Key Filters

FILTER TYPE CIRCUIT DESIGN EQUATIONS
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Sallen-Key Low-Pass Filters
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FILTER TYPE CIRCUIT DESIGN EQUATIONS
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Sallen-Key High-Pass Filter
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Sallen-Key Band-Pass Filter
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Sallen-Key Band-Reject Filter
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Try it
yroyulrself [ ExAampLE 16.4-2 Sallen-Key Band-Pass Filter ]
in WileyPLUS

Design a second-order Sallen-Key band-pass filter with a center frequency of 500 hertz and a bandwidth of
100 hertz.

Solution
The transfer function of the second-order band-pass filter 1s
()
—s
H(s) = >
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The corresponding network function is
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We have seen network functions like this one earlier, when we discussed resonant circuits in Chapter 13. The gain
'H(w)| will be maximum at the corner frequency y. In the case of this band-pass transfer function, ey is also called

H(w) =



the center frequency and the resonant frequency. The gain at the center frequency will be
H(wmg)| =k
Two frequencies, m; and w», are identified by the property

H(o)] = [H(w)| =

These frequencies are called the half-power frequencies or the 3 dB frequencies. The half-power frequencies are

given by
) wo \° ) w0\ 2
m = — % + (ﬁ) + w2 and @, = ﬁ + (ﬁ) + g2

The bandwidth of the filter is calculated from the half-power frequencies

()
BW = wy — W) = 6

The Sallen-Key band-pass filter is shown in the third row of Table 16.4-2. Our specifications require that

wp = 2w - 500 = 3142 rad/s

and 00
— Y _ 3
Q BW



From Table 16.4-2, the design equations for the Sallen-Key band-pass filter are
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Because k = AQ, the gain of this band-pass filter at the - § U(1)
center frequency is 14. Also, one of the resistances is 0.1uF = §3183Q
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The Sallen-Key band-pass filter is shown in Figure 16.4-2. 1o URE 1642 A S e



[ ExampLE 16.4-3 Sallen-Key Band-Stop Filter j

Design a second-order band-stop filter with a center frequency of 1000 rad/s and a bandwidth of 100 rad/s.

Solution
The transfer function of the second-order band-stop filter 1s
k ‘,2 . 2
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Notice that the transfer functions of the second-order band-pass and band-stop filters are related by
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The network function of the band-stop filter is

k(wg? — ?)
.M
2 _ 2
w? — W +j—w
Q

When @ < @q or @ > o, the gainis |H(w)| = k. At = @, the gain is zero. The half-power frequencies ), and
- are identified by the property

H(w) =

H(wy)| = [H(wy)| =
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The bandwidth of the filter is given by
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BW = Wy — (] = 6



The Sallen-Key band-stop filter is shown in the last row of Table 16.4-2. Our specifications require that wg =

1000 rad/s and

— =10

Table 16.4-2 indicates that the design equations for the Sallen-Key band-stop filter are

I

E = Wy = 1000
and 1
A=2—-——=1.95
20
Pick C = 0.1 uF. Then
1
R = = 10 k()
(0]

The Sallen-Key band-stop filter is shown in
Figure 16.4-3.
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FIGURE 16.4-3 A Sallen-Key band-stop filter.



