
filter in your controller or proces-
sor. The best place for this filter is
before your ADC, which makes it an
analog option.

You can build analog filters
using one of three basic approach-
es. The first and most fundamental
approach is to design a passive fil-
ter using resistors and capacitors
(Figure 1a). A second alternative is
to design an active lowpass filter by
using an operational amplifier, a
few resistors, and a few capacitors
(Figure 1b). A third and maybe
more attractive option for digital
designers is to use a switched-
capacitor filter (Figure 1c).

The passive RC filter is inexpen-
sive, and you can effectively use it
with delta-sigma converters. A sin-
gle-pole, lowpass filter is adequate
for this type of converter because
the device’s sampling frequency is
significantly higher than the data-
throughput rate. The output im-
pedance of a passive lowpass filter

is relatively high compared with
the active-filter or switched-capac-
itor realizations. For instance, a 1-
kHz lowpass filter that uses a 0.1-
�F capacitor in the design would
require a 1.59-k� resistor to com-
plete the implementation. This
resistor’s value could create an
undesirable voltage drop or make
impedance matching difficult.
SAR (successive-approximation-
register), pipeline, and flash con-
verters require a higher order filter,
leaving the approaches that figures
1b and 1c illustrate.

The active lowpass filter looks
complicated, but it is relatively easy
to design if you use filter-design-
tool software from operational-
amplifier vendors. You can design a
higher order filter if you cascade
this circuit with itself. For example,
you build a fourth-order filter
using two cascaded circuits. The
output impedance of this type of
filter is very low. This low imped-
ance essentially minimizes ADC
input-impedance errors (Refer-
ence 1). The configuration in Fig-
ure 1b implements a gain of 1V/V.
You can use other configurations to
implement a negative gain (Refer-
ence 2). This filter’s corner-fre-
quency accuracy depends on the
accuracy of the discrete resistors
(R

2
and R

3
) and capacitors (C

2
and

C
3
) and not on the amplifier. When

you properly design it, this filter
eliminates SAR-, pipeline-, and
flash-converter-aliasing errors.

You can use the switched-capac-
itor filter as a third alternative
when solving your filter challenges.
The filter’s corner frequency is a
derivative of the input frequency
(CLK

IN
). For instance, a typical

specification for this characteristic
is f

CORNER
=f

CLKIN
/100. The lowpass

filter’s corner frequency is almost

as accurate as your clock. Depend-
ing on the vendor, the device can
contribute a �0.3% error.

The switched-capacitor lowpass
filter (IC

2
) is an analog sampling

system. Consequently, it requires
external capacitors and resistors
(lowpass filters) at the device’s
input and output. The input low-
pass filter (R

4
and C

4
) minimizes

alias errors. The output lowpass fil-
ter (R

5
and C

5
) smoothes the sam-

pled analog-output signal. The
accuracy of these external compo-
nents does not affect the precision
of the switched-capacitor filter.
This filter is also less sensitive to
temperature changes and aging.

Lowpass analog filters come in
many flavors, from the passive RC
filter, to the classical active filter and
the switched-capacitor filter. The
RC filter is less expensive than the
alternatives, but it brings unwanted
impedance-matching errors into
the system. The active filter is easy
to design because of software tools
from vendors but depends on the
accuracy of the external passive
resistors and capacitors. And final-
ly, the switched-capacitor lowpass
filter easily connects to your micro-
controller or processor, but it
requires passive RC filters on the
input and output.�
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Three alternatives to your aliasing problems

S
o, you need a lowpass filter in your data-acqui-

sition circuit. And you know it’s not a good idea to

implement this function after the ADC as a digital
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To build an analog filter, you can use an
RC lowpass filter (a), an active lowpass
filter (b), or a switched-capacitor lowpass
filter (c).
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