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Powerful Ideas For Design

ome applications, such as
audio equalizers, require
bandpass filters with a
constant maximum gain

(at the center frequency,
�o), independent of the selected quality
factor Q. But in a lot of well-known filter
structures—such as Sallen-Key, MFB,
state variable, and Tow-Thomas—when
you adjust the quality factor of the sec-
ond-order cells, the maximum gain
changes.

This is evident from the normalized
second-order transfer function of a band-
pass filter:
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Bandpass Filter With
Adjustable Q Has
Constant Maximum Gain
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where K is the gain constant of the band-
pass filter and s = � + j� is the Laplacian
operator. When the frequency of the input
signal is �o, the maximum gain of the filter
|HBP(�)|max equals the product KQ. There-
fore, if the quality factor changes, so does
the maximum gain.

Figure 1 shows a filter structure that
creates a gain constant, K, that’s inverse-
ly proportional to the chosen quality fac-
tor. As a result, when Q is modified, K is
also modified so that the product KQ
remains constant, as does the maximum
gain at �o.

The filter consists of a twin-T cell, where
quality factor can be adjusted, plus a dif-
ferential stage (op-amp OA3 and the four
resistors labeled R5). The output of this
stage, VOUT(t), is the difference between
the input signal to the filter and the output
VBR(t) of the twin-T network.

If capacitors C1 and C2 are equal, with
a value C, capacitor C3 will equal 2C.
Resistors R1 and R2 are equal, with a
value of R, and R3 will equal R/2. In this
condition, the twin-T circuit behaves as a
notch filter, which has a transfer func-
tion of:

And, the global circuit (output VOUT(t))
is a bandpass filter with a transfer func-
tion of:

where m is the feedback factor in the
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1. This bandpass filter has adjustable Q and constant maximum gain. It’s
composed of a twin-T cell whose quality factor is adjustable, plus a differen-
tial stage (op-amp OA3 and the resistors designated R5).
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twin-T cell. If RXY is the portion of the
resistance that exists between the upper
terminal (point X) and the cursor (point Y)
of potentiometer R4, and RYZ is the por-
tion of resistance that exists between the
cursor and the bottom terminal (point Z),
the m is:

Comparing Equation 3 with the respec-
tive normalized transfer function of a
bandpass filter (Equation 1), the central
frequency of the filter �o (coincident with
the transmission zero of the twin-T net-
work) is:

and the quality factor and gain constant
are:

Then, the maximum gain |HBP(�)|max
at � = �o always remains constant, and
equal to 1 (0 dB), independently of the qual-
ity factor Q. The minimum quality factor is
1/4 (for m = 0, corresponding to the cursor
of the potentiometer connected to ground),
and the maximum is (theoretically) infinite.
In practice, it’s convenient not to have quali-
ty factors beyond 50. In most applications,
typical quality factors range from 1 to 10. To
fix �o, we can determine the value of R and
C thanks to Equation 5. The value of R5 in
the differential amplifier isn’t critical for the
center frequency and the Q factor. The typi-
cal value for these resistors is in the medi-
um-k� range.

As a particular example, Figure 2 shows
a set of magnitude and phase Bode plots of
the filter for the notch output, VBR(t), for val-
ues of m between 0.1 and 0.9. Figure 3
shows the Bode curves of the bandpass
output, VOUT(t), for the same values of m. In
both figures, the frequency fO is 1061 Hz.

To minimize the frequency shift where the
transmission zero exists, and improve the

accuracy of the circuit, use precision resis-
tors. These include metallic film resistors
with tolerances of 1% or better. The capaci-
tors could be mica, polycarbonate, poly-
ester, polystyrene, polypropylene, or Teflon
devices. In any case, avoid the use of car-
bon resistors and electrolytic, tantalum, and
even ceramic capacitors. ED Online 10684
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2. Here’s a set of magnitude and phase Bode plots of
the filter for the notch output VBR(t), using values of m
between 0.1 and 0.9.

3. This set of magnitude and phase Bode plots of the
filter is for the bandpass output VOUT(t), using values for
m between 0.1 and 0.9.


