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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
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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.
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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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selected output does not change, mak-
ing the circuit a good choice for appli-
cations requiring nonvolatile operation.
Quiescent-current consumption aver-
ages only about 15 �A at room temper-
ature, 25�C, a low value even for battery-
powered applications.

The heart of the circuit comprises a
dual JK flip-flop, IC3, that’s configured
as a 2-bit ripple counter. Without addi-
tional circuitry, the counter would allow
selection of four signal sources. Upon
initial application of power, a reset cir-
cuit comprising R1, C1, and IC1B always
sets the CH1 output to a logic-low level.

When the Q outputs of IC3, pins 2 and
14, both go to logic zeros, the feedback
chain comprising IC2A, IC2B, IC2C, and

IC4A pulls Q1’s base to a logic-high level,
which in turn pulls one input of IC1B to
a logic low. This action causes the count-
er to skip the 00 state and advances the

count to the 01 state. Components R5,
C2, IC1A, and normally open momen-
tary-contact switch S1 constitute a
debounced switch that provides clock
pulses for both sections of the counter,
IC3. When a user pushes S1, the count-
er advances to the 10 state, and a sub-
sequent push advances the counter to
the 11 state. A third push restarts the
cycle. To summarize, IC4B decodes the
counter’s 01 state and pulls CH1 low,
IC4C decodes the counter’s 10 state and
pulls CH2 low, and IC4D decodes the
counter’s 11 state and pulls CH3 low.
The layout of the circuit should be non-
critical, but use a low-leakage capacitor
for C1. Connect unused logic inputs to
ground or VCC as appropriate.EDN

The low-cost composite passive
filter in this Design Idea requires

no dc power and can enhance the per-
formance of audio equipment and
instrumentation by rejecting power-
supply hum and spurious pickup from
AM, FM, and low-band VHF trans-
missions (Figure 1). The composite fil-
ter comprises a cascade of three simple
filters: a T-section highpass filter to
reject power-source hum and two �-
section lowpass filters to reject spurious
RF signals. As a starting point, the
three filter sections present a lossless
0.01-dB Chebyshev response at a 50�
impedance level, but you can scale the
components’ values to meet other
impedance requirements.

Table 1 lists the components the pro-
totype filter uses. With the exception
of inductor L3, all the components are
standard values that are available off
the shelf. Switch S1 provides a bypass
mode that permits rapid frequency-
response measurements without con-
nection and disconnection of the pro-
totype’s BNC connectors. To construct

the prototype, wire all components to
a section of perforated breadboard stock
supported by metal spacers that mount
inside a die-cast aluminum enclosure.
This method of shielded construction
has proved its worth in other laborato-
ry-accessory applications (Reference
1). Table 2 lists the filter’s measured
insertion loss over a range of 40 Hz to
200 MHz.

Low-cost polarized electrolytic ca-
pacitors C1 through C6 provide rea-

sonable performance, but observe
input polarity for signals with a dc com-
ponent. For a modest increase in cost
and assembly time, you can enhance fil-
ter performance and reproducibility by
selecting the values of these capacitors
to meet a 10% or better tolerance. For
best results, use nonpolarized film-
dielectric capacitors for C1 through C6.
For noncritical applications, you can
relax the tolerances for the remaining
capacitors and use off-the-shelf induc-
tors for 22-mH L1, 0.68-mH L2, and 3.9-
�H L3.

Redesigning the filter to match the
600� impedance that you find in clas-
sic audio circuits would increase the
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TABLE 1 COMPONENTS IN THE PROTOTYPE FILTER
Reference
designators Values Description
C1, C2, C4, C5 10 �F 50V electrolytic capacitor, �20% tolerance
C3, C6 4.7 �F 50V electrolytic capacitor, �20% tolerance
C7, C9 0.15 �F Polypropylene capacitor, �2% tolerance
C8, C10 0.033 �F Polypropylene capacitor, �2% tolerance
C11, C12 0.001 �F Polypropylene capacitor, �2% tolerance
L1 22 mH Inductor, �5% tolerance
L2 0.68 mH Inductor, �10% tolerance
L3 3.85 �H Inductor, 27 turns of AWG #28 magnet wire hand-wound

on T37-2 mixture (Carbonyl E) toroidal core
S1 NA DPDT panel-mounted toggle switch
J1, J2 NA 50� BNC panel jack
NA NA Hammond 1590H-BK die-cast aluminum enclosure

R5, C2, IC1A, AND 
NORMALLY OPEN
MOMENTARY-CONTACT
SWITCH S1 CONSTITUTE 
A DEBOUNCED SWITCH
THAT PROVIDES CLOCK 
PULSES FOR BOTH SEC-
TIONS OF THE COUNTER.
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