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hen you digitize an analog signal, you use a lowpass filter
to prevent aliasing errors from out-of-band noise. Doing
so attenuates superimposed, high-frequency noise on the
analog signal before it reaches the ADC. If the noise on
the input signal is more than half the sampling frequen-
cy of the converter, the magnitude of that noise stays the same, but the
frequency changes as it aliases back onto your signal of interest. You can-
not use a digital filter to reduce in-band noise after digitizing the signal.

Selecting the correct operational
amplifier for an active lowpass-filter cir-
cuit can appear overwhelming as you
read an amplifier’s data sheet and view
all of the specifications.

Before selecting the amplifier, how-
ever, you need to determine the filter-
cutoff frequency, f . (or —3-dB fre-
quency). You can use filter-design pro-
grams to determine the filter’s capacitor
and resistor values.

Next, you should initially consider
only two important specifications when
selecting an amplifier for your active

lowpass filter: gain-bandwidth product
and slew rate. In Figure 1, for Q, of less
than 1, the gain-bandwidth product of
the amplifier, f, ., must be at least 100X
gainXf Xk, where Q is the quality
factor of the i partial filter and k, is the
ratio of the partial-filter-corner fre-
quency to the overall-filter-corner fre-
quency. For Q. greater than 1, fap=
100X gain X (f,/a,) XV/[(Q,?=0.5)/
(Q?—0.25)], where a, is the i coeffi-
cient in the partial-filter-transfer func-
tion. The gain-bandwidth product of the
operational amplifiers appears in the

specification table of the respective
product-data sheet.

You should also evaluate the effects
of amplifier slew rate. Doing so ensures
that your filter does not create signal
distortions due to slew limitations. The
slew rate depends on internal IC cur-
rents and capacitances. When you send
large signals through the amplifier, in-
ternal currents charge these internal
capacitors. The speed of this charging
process depends on the amplifier’s in-
ternal resistances, capacitances, and
currents. To ensure that your active fil-
ter does not enter into a slew condition,
you need to select an amplifier such
that the slew rate=(wV ; ;fo0)
where V1, » is the expected peak-to-
peak output-voltage swing below your
filter’s cutoff frequency.

The most common topologies for
active, second-order, lowpass filters are
the noninverting Sallen-Key and the
inverting multiple feedback (Reference
1). If you need a higher order filter, you
can cascade both of these topologies
(Reference 2).

When using the Sallen-Key circuit,
input-common-mode-voltage  range
(V) and input bias current (1) can
also affect you. In this configuration,
V e limits the range of your input sig-
nal. Additionally, the input bias current
conducts through the external source
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