
cuits in Figure 1. Note that RLOAD�
100� in these examples. In Figure 1a,
IOUT��VIN/RLOAD�25 �A; in Figure
1b, IOUT��VIN/RLOAD�25 �A; in Fig-
ure 1c, IOUT��VIN/RLOAD; in Figure
1d, IOUT��2�VIN/RLOAD; and, in Fig-
ure 1e, IOUT�VIN/RLOAD. The equation
for circuit 1d assumes perfect match-

es—that is, R3�R4, R1�R2, and V��
V�. It also assumes that R4 is much
greater than R1.

For a fixed value of output current in
each of the five circuits in Figure 1, the
graphs of Figure 2 show the circuits’
dynamic impedance and range of use-
ful output voltage (current compli-

ance). The graphs show a high nomi-
nal output current of 5 mA to better
display the higher end of the current-
amplitude range. Depending on your
application, you can optimize each cir-
cuit’s dynamic impedance and current
range through a judicious choice of op
amps and resistor values.EDN
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Figure 2 These graphs show output current versus output-
voltage characteristics for the circuits in Figure 1. Note
that for b and c, the dynamic-output-impedance character-
istic closely resembles that of an ideal current source:
�VOUT/�VIN��.

OUTPUT
CURRENT

(mA)

OUTPUT VOLTAGE (V)

1 2 3 4 5 6 7 8 9 10

5.002

5.001

5

4.999

4.998

VIN = 500 mV, AND
RDYNAMIC = 10 M�.

Many systems use an ADC to
sample analog data that tem-

perature and pressure sensors produce.
Sometimes, system noise or other fac-

tors cause the otherwise slowly fluctu-
ating data to “jump around.” To reduce
higher frequency noise, designers often
install an analog RC (resistor-capaci-

tor) lowpass filter between the sensor
and the analog-to-digital-conversion
stage. However, this approach is not
always ideal or practical. For example,
a long time constant of minutes would
require very large values for R and C.

Figure 1 shows an analog RC lowpass
filter and its design equations. As an
alternative, you can clean up noisy sig-
nals that remain within the ADC’s lin-

Simple digital filter 
cleans up noisy data

�

Richard Rice, Oconomowoc, WI

OUTPUT
CURRENT

(mA)

OUTPUT VOLTAGE (V)

1 2 3 4 5 6 7 8 9 10

5.002

5.001
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4.999

4.998

VIN = 500 mV 
RDYNAMIC = 72 M�.

OUTPUT
CURRENT

(mA)

OUTPUT VOLTAGE (V)

1 2 3 4 5 6 7 8 9 10

5.002

5.001
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4.999

4.998

VIN = 500 mV, V+ = 10V, AND
RDYNAMIC = 80 M�.
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CURRENT

(mA)

OUTPUT VOLTAGE (V)
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VIN = 250 mV, V+ = 5V, AND
RDYNAMIC = 170 k�.
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VIN = 500 mV, V+ = 10V, AND
RDYNAMIC = 278 k�.
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This Design Idea shows how you
can use a single-pole momentary-

contact switch to select one of three sig-

nal sources by scrolling through three
output states. The circuit in Figure 1
comprises commonly available compo-

nents from the CD4000 CMOS-logic
series, along with a general-purpose
NPN transistor. The total cost of the
components doesn’t exceed $1. Only
one of circuit’s three outputs, CH1, CH2,
or CH3, goes low at any given time, and
you can use these outputs to control ana-
log switches, relays, or the gates of JFET
switches. As long as you apply power, the

Single switch selects 
one of three signals

�

Felix Matro, JL Audio Corp, Phoenix, AZ

ear range by using the digital equivalent
of an analog RC lowpass filter. The fil-
ter’s software comprises only two lines
of C code: LPOUT�LPACC/K, where the
output value of the filter is LPACC divid-
ed by a constant, and LPACC�
LPACC�LPIN�LPOUT, where you add
the difference between input and out-
put to update LPACC. You specify all
variables as integers.

Each time the analog-to-digital con-
version acquires a new input sample,
LPIN, the software produces an output
value, LPOUT, which comprises a low-
pass-filtered version of the input sam-
ples. Calculate the value of the con-
stant, K, based on the sampling rate of
the system and the desired time con-
stant for the filter as follows: K�
T�SPS, where K�1, and SPS is the
system’s sampling rate. For example, for
a system-sampling rate of 200 sam-

ples/sec and a desired time constant of
30 sec, the constant K would equal
6000 samples. Applying a step change
to the routine’s input requires 6000
samples to reach approximately 63% of
its final value at the output.

The lowpass accumulator, LPACC,
can grow large for large time constants
and large input values. It can grow as
large as K times the largest possible
LPIN value. Under these conditions,
you need to make sure that LPACC does
not overflow, and you may need to
specify a larger data type to contain
LPACC. To avoid a long settling time
during start-up, before the start of the
sampling loop, you can initialize
LPACC to a value of K times the current
input value.

You can extend the basic filter con-
cept presented to accommodate high-
er order filters with greater high-fre-

quency rejection by executing multiple
filter code segments in sequence. Also,
you can use an array of variables for
LPACC and an array of values of the con-
stant K to filter signals that multiple
data channels acquire.EDN

Figure 1 In some circumstances,
a classic RC lowpass filter does
an adequate job of removing
noise from signals.

INPUT
R

OUTPUT

C

T=R�C, AND F=1/(2���T),
WHERE T IS THE TIME CONSTANT 
IN SECONDS, AND F IS THE 
CUTOFF �3-dB FREQUENCY.

Figure 1 A handful of active and passive components form a one-of-three selector switch. Press switch S1 once to
advance to the next channel and twice more to revert to Channel 1.
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