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eliminate
unwanted frequencies from
circuits, or dislodge
unwanted in -band signals
from frequencies you are
trying to copy, by using a narrow
bandwidth version of the
bandstop filter.
You can easily
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JULIAN KERR

Anyone who builds or experiments with electronics circuits has at one time or
another been faced with the problem of removing unwanted frequencies from the signal of interest. In
most cases, a simple low -pass, high pass, bandpass, or band -reject filter
will suffice. Such filters are great for
blocking entire bands of frequencies, but what do you do when the
offending frequency is within the
band of interest?

recently encountered just
such a dilemma while experimenting with a circuit that was
I

designed to operate below 500
Hz. Because of the circuit's design
parameters, a 60 -Hz, AC -hum
problem soon became apparent.
,, Aside from 60 -Hz, AC hum, interferrn
ing in -band signals can also be
induced by oscillators, motors, or
IT,
ci, other signal -generating devices
Q used in (or near) the circuit. The
signals from such sources are
ó often difficult to suppress, particularly if the interfering signals are of
Ill greater power than the frequenc° cies that they intrude upon, or if
errors were made in laying out the
aó
circuit. One way to eliminate
unwanted in -band interference is
40 with a notch filter.
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Notch Filters. A notch filter is functionally similar to a bandstop or
band -reject filter in that it is
designed to arrest a particular
band of frequencies. But unlike the
bandstop /reject filter, the notch filter has a very narrow rejection
band. Its rejection band is focused
around the center frequency (fc)
of the circuit. The frequency
response for a notch filter is shown
in Fig. 1. The bandwidth (BW) of
such a filter is the difference
between the frequencies at the
two -6 dB points (4. and fH) when
the out -of -notch response is at the
reference 0 -dB point. The filters
bandwidth is given by: fH The sharpness or "Q" of a notch
filter
measure of the narrowness
of the filter's bandwidth -is defined
as the ratio of the center frequency
(fc) to bandwidth. The Q of a notch
filter is given by:
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= aw
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offending signal, thereby reducing
its presence in the affected band of
frequencies. The degree of suppression, called the notch depth (see
Fig. 1), is defined by the ratio of the
gain of the circuit at an out -ofnotch frequency (e.g., fob) to the
gain at the notch frequency.
Assuming that the input signal levels
at both frequencies are equal, the
notch depth can be calculated
from the output voltages of the filter
at the two different frequencies
using:

Notch Depth

= 20 log10

(vob)

(2)

Notch depths of -40 to -60 dB
are relatively easy to achieve with
proper circuit design and component selection.
Twin -Tee Filter Networks. One of
the most popular forms of notch filter is the twin -tee filter. An example
of a twin -tee filter is shown in Fig. 2.

name implies, the circuit is
comprised of a pair of T- networks. In
our example, the T- networks consist
of Cl /C3 /R2 and R1 /R3 /C2. The
center frequency of the network is
given by:
As its

notch filter that's
centered on 60 Hz and has -6 dB
points at 58 and 62 Hz (a 4 Hzbandwidth) has a Q of 60/4 or 15.
The notch filter does not entirely
remove the offending signal;
instead, it greatly suppresses the
For instance, a

fc =1
27r

Cl +C3
Ci)(C2)(C3)(R1)(R3)

(3)
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Fig. 2. The twin -tee filter (shown here), one of
the most popular forms of notch filter, is comprised of a pair of T- networks, one consisting of
CI /C3 /R2 and the other built around R1 /R3 /C2.
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frequency response for a notch filter is shown here. The function of the notch filter is
similar to that of a Bandstop or hand-reject filter. But unlike the handstop /reject filter, which is
designed to block a whole range offrequencies, the notch filter has a very narrow rejection band.
Fig.
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Fig. 3. Here is a 60 -Hz twin -tee notch filter that
uses potentiometers to tune the filter's central
frequency.

There are two factors that govern the notch depth of the twin -tee
filter. One of the factors is the values
of the components; they must be
very close to the calculated val-

Here is an example

of the

60 -Hz hum found in one

That expression can be simplified
by adopting a convention that
calls for the following relationships:
Cl =C3 =C; R1 =R3 =R; C2 =2C;

and R2 = R /2. If that convention is
adopted, then the equation can
be reduced to:

fC

=

i

2 trRC

(4)

where fc is the filter's center frequency in hertz (Hz), R is resistance
in ohms, and C is capacitance in
farads. Be sure to use the right units
when working the problems, i.e.,
x
10,000 ohms for 10 kilohms or
10 -9 for 0.001 µF.
1

of my projects and recorded on an oscilloscope.
In designing a filter, it is wise to first
select a capacitor value and then
calculate the required resistance.
That's done because there are
many more standard resistance values than capacitance values.
Besides potentiometers can be easily used to trim the values of resistances; it is more difficult to use trimmer capacitors for the same purpose. For 60 -Hz filters, some common values for resistor R and C are:

CAPACITANCE
(µF)
0.001
0.01

0.15

RESISTANCE
(S2)

2,652,582
265,258
17,684

www.americanradiohistory.com

ues. The other determining factor is
that the two filters must be closely
matched to one another. For
example, let's say that a 60 -Hz
notch filter was assembled using
0.15-µF- capacitor and 17,684 -ohm
resistor values, and that the capacitors were randomly selected from
among a group of a dozen or so
good -quality units, while the resistors were 18k, 5% metal -film units.
The notch depth at 60 Hz was only
10 dB, but at 58 Hz, it was 48 dB.

Obviously, there was a mismatch,
which caused a significant shift in

notch frequency.
Now let's suppose that a second
filter was built using the same values.
In this case, the 0.15 -µF capacitors
were selected from about 20 on

hand.

In

order to match the capac-

itors as close as possible, each was

measured using a capacitance
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Fig. S. Shown here is a basic active twin -tee filter. In this circuit, the basic twin -tee network is cascaded with input- and output -buffer amplifiers.

Fig. 4. Another form of adjustable circuit is
shown here. This one differs from the one in Fig.
3 in that it uses trimmer capacitors rather than
potentiometers as the adjustable element.

meter. The reason for that was to find
those that closely matched each
other, and only incidentally how
close they come to the calculated
value.
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Errors in the mean capacitance
of the selected group can be
trimmed out using a potentiometer
instead of resistors in the twin -tee
network. Figure 3 shows a 60 -Hz
twin -tee notch filter wherein potentiometers are used to tune the filter's central frequency. Each potentiometer in that circuit must be
adjusted several times to null the
output signal, stopping when there
is no further suppression of the output signal.
An oscilloscope or AC voltmeter,
along with a well -calibrated signal
source, can be used to check the
operation of circuit. If you are
unsure as to the accuracy of the
signal source, a frequency counter
can be used to monitor the signalsource output. (Keep in mind that in
our example, a shift of only 2 -Hz produced a 38 -dB difference in notch
depth!)
Another form of adjustable circuit is shown in Fig. 4. Although, it is
similar to the circuit in Fig. 3, this one
uses trimmer capacitors rather than
potentiometers as the adjustable
element. In the Fig. 4 circuit, four
capacitors (two fixed and two variable, C1 -C4) combine to form an
equivalent capacitance of 265 pF.
The capacitor combination allows
the circuit to be adjusted above

VIN
{

Fig. 6. Altering the active twin -tee circuit as shown here produces a filter circuit with superior

characteristics.

and below the design value by a
margin sufficient to cancel out any
tolerance problems.
The 10- megohm resistors specified should be matched to each
other using an ohmmeter. Again, the
goal is to match the resistor values
as close as possible to each other,
and only incidentally close to the
design value. It is desirable that the
resistance values be exactly equal;
failing that, they should be as closely matched as possible. The difference between their mean value
and the design value can then be
trimmed out via the variable
capacitor.
The performance of the twin -tee
filter can be vastly improved by
incorporating one or more opamps into the filter's design, turning
the basic circuit into an active twin tee filter.

Active Twin -Tee Notch Filters.
Active filters are simply filter networks
that use one or more active devices
(such as op -amps) in their design.
Figure 5 shows a basic active twin tee filter, wherein the basic twin -tee
network is cascaded with input (optional) and output- (required)
buffer amplifiers. Note that in Fig. 5
and subsequent active twin -tee filter schematics, the "twin -tee" net-

works, which are identical to the
previous networks, are shown as
functional blocks for the sake of simplicity. Be aware that points "A," "B,"
and "C" represent the same positions as in the previous illustrations.
The buffer amplifiers, both of which
are configured as unity gain, non inverting voltage followers, isolate
the filter network from the outside

world. For low- frequency applications, 741, 1458, and similar devices
can be used. For higher frequency
applications -i.e., circuits with an
upper cut -off frequency above 3

kHz -non -frequency- compensated
devices, such as the CA -3130 or CA3140, can be used.
Altering the active twin -tee circuit in Fig. 5 as shown in Fig. 6 produces a filter circuit with superior
characteristics. In the Fig. 6 circuit,
port-C of the twin -tee network (the
common point) is connected to the
output terminal of the output buffer
amplifier. There is also a feedback
network consisting of two resistors
(Ra) and a capacitor (Ca). The values of R and C in the twin -tee network are found from Eq. 4, while the
values of Ra and Ca are found from:

Ra = 2RQ

and

(5)
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Shown here is the input (upper) and output (lower) traces for a signal that was on a frequency of
precisely 60 H:.

5.
Select Ra: Ra
(2)(8)(265,392
ohms)
megohms.
6. Select Ca = C/Q

=
=

2QR =
4.24

= 0.01

1.1F

/8

= 0.0013 µF.

When the circuit in Fig. 6 was built
using the twin -tee network of Fig. 3,
with potentiometers for adjustments,
the null was close to -48 -dB deep.
Figure 7 shows two variations on
the Fig. 6 circuit. Figure 7A shows the

A
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addition of a notch -depth control
(R2), consisting of a 5k potentiometer in a feedback loop connected
between the output of amplifier A2
and the input port of the twin-tee
network. An active twin -tee filter
with variable Q control is shown in
Fig. 7B. In that circuit, a non -inverting
follower (A3) is connected in the
feedback loop in place of Ra and
Ca. The Q of the notch Is set by the
position of R1, the 10k potentiometer. The Q of that circuit can be
adjusted from to 50.
1

R1

10K
O CONTROL

s

Fig. 7. Shown here are two variations on the circuit in Fig. 6. The circuit in A incorporates an additional notch -depth control; the circuit in B has a feedback loop connectedfrom the output of A2 to
the input of the twin -tee network.

Ca

=

Q

For example, let's design a 60 -Hz
notch filter with a Q of 8.
1.

0.01

Select a trial value for C of
p,F.

2.

(6)

Calculate the value of R
4, which works out to

from Eq.

265,392 ohms.
3.

Calculate

R /2:

265,392/2 =

132,696 ohms.
4. C2 = 2C = (2)(0.01 ,,,F) = 0.02
µF.

Other Approaches. The twin -tee filter is not the only possible approach
to making a notch filter. In Fig. 8A we
see a circuit (in block form) in which
the responses of a high -pass filter
(HPF) and a low -pass filter (LPF) are
overlapped. The two filters, which
may be active filters in their own
right, are connected in parallel, with
their outputs summed together in a
two -input inverting follower amplifier
(A2). The gain of that circuit is -1,
unless the HPF and LPF sections have
either gain or loss In their own right.
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SURFACE -MOUNT
(continued from page 36)

construction project. At this point,
the modules are treated as any

other electronics component.

OUT

Note: Connections between SIP and the speaker jacks should be
handled through twisted wire. For
the best performance, single -conductor, shielded cable is recommended for the input and volume
7
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Fig. 8. The twin -tee filter is not the only possible approach to making a notch filter. Shown in A is
a circuit that is comprised of both high -pass and low -pass filters, which together function as a notch
filter. The overlapping frequency responses of the circuit are shown in B.

The overlapping frequency responses of the circuit are shown in
Fig. 8B. The lower notch frequency
(fL) is the -6 dB frequency of the low pass filter, while the upper notch frequency (EH) is the -6 dB frequency of
the high -pass filter. The depth of the
notch is set by the point where the
responses of the high -pass and low pass filters cross.
The notch filter of Fig. 8A is often
implemented using a single state variable filter, because those types
of active filters have both low -pass
and high -pass outputs.
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SIP Construction Contest. The
applications for the SIPs are really
unlimited, and we're very interested in what you are able to come
up with. So, we've come up with a
little contest. Design some type of
audio circuit built around the SIP

Another approach to the notch
filter is shown In Fig. 9. That circuit is
sometimes called the active- induc-

notch filter. The notch frequency
for that circuit is set by:
tor,

c-

2,0/ Ra

Equation

(7)

fC =

If

Ca Cb

(7)

can be simplified to
27rR

4C0 Cb

(8)

the following conditions are met:
R3

Rl
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Rb

R2

Ra + Rb

R2

(9)

2R

It is possible to use any one of
the elements, Ca, Cb, Ra, or Rb, to

Next, select an enclosure for the
project and determine where on
the front and rear panels the offboard components will be placed.
The project can be housed in a
small aluminum enclosure, like
RadioShack part #270 -253. Place
the front -panel components so
that they are neat and easily
accessible.
The power transformer (T1) was
selected, because the combined
total- current draw of the modules
amounts to less than 100 mA. In
addition, the unit's small dimensions
allow a smaller enclosure to be
used to house the project.
The project can be expanded
as you see fit; remember, your
imagination is the only limiting
factor.

Fig. 9. Sometimes called the active -inductor,
notch filter, this variation of the notch filter can
be varied via Ca.

tune the filter. In most cases, Ca is
made variable and Cb is a large
value -fixed capacitor. The 1500 -pF
variable capacitor can be made
by paralleling all sections of a
three -section broadcast variable,
with a single small fixed or trimmer
capacitor.
Conclusion. Unwanted signals, such
as 60 -Hz interference, as well as
other extraneous signals are a pain
in the transistor, but they are also
quite easy to get rid of using ordinary notch -filter circuits.

modules. Send your design to: SIP
Contest, Popular Electronics, 500 Bi-

County Blvd., Farmingdale,

NY

your design is publishable,
we'll present your design to our
readers and pay the author of the
winning entry our regular rates for
an article. On the other hand, if
your design is presented as a part
of a SIP -circuits article, we'll pay
each contributor $50 for their
design. If there are similar entries,
the one with the earliest postmark
will be selected.
Table list the prices for the individual SIPS in kit form or fully assembled. The Parts Lists gives additional
SIP ordering information.
Hope you like the Auctioneer's
Amplifier project.
11735. If
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