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Biquadratic (Biquad) Filters
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IN THIS MINI TUTORIAL

The biquadratic filter, a discrete circuit incorporating
precision operational amplifiers (op amps), is one of
multiple circuit blocks described in a series of mini tutorials.

A close cousin of the state variable filter is the biquad filter

as shown in Figure 1. The name of this circuit was first used
by J. Tow in 1968 and later by L. C. Thomas in 1971 (see the
References section) The name derives from the fact that the
transfer function is a quadratic function in both the numerator
and the denominator. Thus, the transfer function is a
biquadratic function.

This circuit is a slight rearrangement of the state variable
circuit. One significant difference is that there is not a separate
high-pass output. The band-pass output inverts the phase.
There are two low-pass outputs, one in phase and one out of
phase. With the addition of a fourth amplifier section, high-
pass, notch (low-pass, standard, and high-pass) and allpass

filters can be realized. The design equations for the biquad are
given in Figure 2.

Referring to Figure 2, the allpass case of the biquad, R8 = R9/2
and R7 = R9. This is required to make the terms in the transfer
function line up correctly. For the highpass output, the input,
band-pass, and second low-pass outputs are summed. In this
case the constraints are that R1 = R2 = R3 and R7 = R8 = R9.

Like the state variable, the biquad filter is tunable. Adjusting
R3 adjusts the Q. Adjusting R4 sets the resonant frequency.
Adjusting R1 sets the gain. Frequency should generally be
adjusted first, followed by Q, and then gain. Setting the para-
meters in this manner minimizes the effects of component
value interaction.

In selecting an amplifier for building the biquad filter, the rule
of thumb is that it is recommended to have a minimum of

20 dB of loop gain at the center frequency, looking at the band-
pass output. In the biquad filter, the amplifiers are used as an
integrator (in the low-pass in-phase output), which sets the
bandwidth requirement. Since there are capacitors in the
feedback network, current feedback amplifiers are general

not appropriate.
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Figure 1. Biquad Filter
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Figure 2. Biquad Filter Design Equations
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