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Fig. 4. An op. amp. buffer stage i

lower bandwidth of the operational amplifier buffer. The 741C
has unity voltage gain at a frequency of about 1MHz, and the
circuit therefore ceases to function properly at frequencies above
this figure. A common emitter stage will function well at
frequencies of many Megahertz. In most applications the
bandwidth is not of great importance, and 1MHz is quite
sufficient, but a more modern equivalent of the 741C such as
the LF351 (4MHz) or CA3140E (4.5MHz) can be used where
a wider bandwidth is called for. These more recent operational
amplifier devices also have a higher slew-rate than the standard
741C device.

The output voltage swing of an emitter follower (assuming
that the output is not heavily loaded) is virtually equal to the
supply voltage, but an operational amplifier normally has an
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impedance within reason.

so1p1f wng v Suravg 28v1s samojjof 421312 Uy "G Bt

AN~ (e

——

3081
[4-]

(R4
LY

11




















































































42111f ssvd q31q 200120 424 “gppz v T ¢ g

N— O ﬂ ——

2001 AG1L
SH cd

6

nQ

849 849 o
€Y R-}

=+
Ly
t0)

duze Juze duce Juze
120} €0 [A¢) L2

AOE O 6+
o-

57



soapf qor0u ZHAYT V TE B

aN— !
4u01
%0
01 :

[Ac}

ul

4u0l
%)
Ly
4uol
75 %)
— + —
| gr— e
%81
€4 you
1y

AOE 03 6+
o—

58









L

O—

3112412 4311f 230U 20130ULIID WY B E St —

LMy
90

o “

NOE 01 6+

[

01

A01L
&5 ]

3022
Ly

61



potentiometer with a 1kS resistor in series with each gang woulc
give a nominal tuning range of less than 100Hz to over 10kHz.
Even the ability to have a small tuning range can often be useful
or even essential. If it is necessary to notch out a certain
frequency, and there is no way of altering the frequency of the
input signal that must be removed, it is obviously necessary to
bring the operating frequency of the filter to just the right
frequency in order to obtain really good results. Using the

filter circuit of Figure 32 it can be difficult to find preferred
values that give precisely the desired operating frequency, and
then there are the component tolerances to contend with anyway.
This limits the degree of attenuation that can be obtained using

a twin T circuit under these circumstances, and a Wien tunable
notch filter is preferable. However, if a high degree of attenuation
is not required, or the signal which is to be notched out can be
tuned to the centre frequency of the filter, the twin T type is
preferable as it is simpler, less expensive, and just as effective
under these conditions.

Bandpass Filters

A bandpass filter, as its name suggests, permits frequencies
within a narrow band to pass with little attenuation while
providing high losses at all other frequencies. A bandpass filter
can be produced using the high pass and low pass filter circuits
described earlier, and this method of bandpass filtering is used
in some applications. For example, suppose an audio filter for
some piece of communications equipment is required, and it
must have a passband which extends from 250Hz to 3kHz. This
could be achieved using a high pass filter having a cut-off
frequency of 250Hz and a low pass filter having a 3kHz cut-off
frequency with the two filters simply being used in series. It
does not really matter too much which filter is used to process
the signal first, although a marginally better signal-to-noise ratio
will be obtained using the high pass filter at the input and the
low pass type at the output.

The method described above is most useful where a flat
response over a range of frequencies is required, rather than a
filter which is designed to pick out a signal at a certain frequency
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suitable values.

A voltage gain of a little over two times is provided at the
centre of the filters response, and the response is not particularly
sharp with the -6dB points at approximately SOOHz and 2kHz.
However, the Q of the circuit can be boosted considerably by
reducing R1 to 1k8 and increasing R2 to 180k. This gives a
relative attenuation of nearly -20dB at SOOHz and 2kHz, and the
voltage gain of the circuit is boosted to about 34dB (50 times).
Obviously an attenuator can be used at the input or output of
the filter if this voltage gain is not needed.

The circuit must be fed from a low impedance source since
the output impedance of the preceding stage is effectively in
series with R1 and will reduce the operating frequency of the
filter. If necessary a buffer stage (such as the one shown in
Figure 4) must be added at the input. The filter can be tuned
over a small range of frequencies by replacing R1 or R2 with a
variable resistor and fixed resistor in series, but the bandwidth of
the circuit will change somewhat as the filter is tuned up and
down in frequency (which is why only a limited tuning range is
practical).

Narrow Band Filter

The bandpass filter circuit of Figure 36 has a centre frequency
of about 1kHz and -20dB points at approximately 850Hz and
1.15kHz. The -40dB points are at approximately 250Hz and
3.2kHz. The gain at the centre of the filters response is about
46dB (200 times).

This narrow bandwidth and very sharp response are obtained
using a twin T filter in the feedback network of an operational
amplifier used in the inverting mode. At resonance the twin T
circuit provides very little feedback and the circuit has a high
level of voltage gain, but away from the centre frequency the
twin T network provides a comparitively large amount of
feedback and gives little or no voltage gain. RS is used to “damp’
the response of the twin T circuit slightly, and without this
component the circuit would almost certainly break into
oscillation. The gain and Q of the filter can be boosted slightly
by making RS slightly higher in value, or the gain and Q can be
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The control characteristics of this circuit are similar to those
of the previous two circuits with maximum lift and cut levels of
about 12dB being available at 100Hz and 10kHz (relative to
1kHz).

Voltage Controlled Filter

The circuit of Figure 40 is for a simple voltage controlled filter

of the low pass type. The CA3080E transconductance operational
amplifier (IC1) is effectively used here as a voltage controlled
resistor, and in conjunction with C3 this forms a simple 6dB

per octave low pass filter.

With the control voltage at 9 volts IC1 has a fairly low
effective resistance, and the -6dB point of the circuit is well
beyond the upper limit of the audio frequency spectrum at
approximately 50kHz. Reducing the control voltage raises the
effective resistance of IC1 and therefore reduces the cut-off
frequency of the circuit. The -6dB point is at 1kHz with a
control potential of approximately 0.75 volts, and it can be
reduced somewhat further if necessary. However, it is advisable
not to use a control voltage of much less than 0.75 volts as this
could result in the output being cut off completely. Despite this
limitation, the cut-off frequency can still be varied over a 100 to
1 range, and this is more than is likely to be necessary in practical
applications. Of course, the cut-off frequency range of the circuit
can be changed by altering the value of C3 if necessary.

At pass frequencies the circuit has a nominal voltage gain of
unity. The input impedance of the circuit is about 22k.

Bandpass VCF

Figure 41 shows the circuit diagram of a simple bandpass voltage
controlled filter, and although this is not a high quality type it

can be useful in applications such as musical effects units and

sound effects circuits. One drawback of the circuit is simply that

it produces significant amounts of distortion under certain |
operating conditions, and another is that the Q of the filter |
changes quite considerably as the centre frequency of the circuit
is swept upwards through the audio frequency band. At low
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Chapter 3

MISCELLANEOUS CIRCUITS

Comparators and trigger circuits are used in numerous applicatis
and these very simple circuits are amongst the most useful
building blocks. The two basic types of comparator are the nor
inverting and inverting types, and these are shown in the circuit
diagrams of Figure 42(a) and (b) respectively. Special comparar
integrated circuits are available, but in most cases it is cheaper
to use an operational amplifier as a voltage comparator, and
that is the technique used in the circuits described here.

An operational amplifier amplifies the voltage difference
across its two inputs, and at low frequencies the gain of these
devices is extremely high being typically about 100000 or
200000 times. Thus only a very small voltage difference
(typically only a fraction of a millivolt) is needed in order to
send the output fully positive or negative. The output goes
positive if the non-inverting input is the one at the higher
potential, or negative if the inverting input is the one at the
higher voltage.

In the circuit of Figure 42(a) the inverting input of IC1 is
biased to about half the supply voltage by R1 and R2. CI
decouples any noise which might be picked up at the inverting
input of ICI and which might otherwise give unreliable results
from the circuit. If the non-inverting input is taken marginally
above the bias voltage fed to the inverting input the output of
IC1 goes high, and if the non-inverting input is taken fractionall
below this bias potential the output of IC1 goes low.

The bias voltage fed to the inverting input does not have to
be half the supply voltage, and it can be any potential between
the two supply rail potentials. It does not have to be supplied
by a potential divider circuit either, and a zener shunt stabiliser
circuit could, for example, be used instead if this would give
better results for some reason.

The inverting version is essentially the same, but the bias
voltage is fed to the non-inverting input and the input voltage is
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Fig. 43. An inverting trigger circuit I

start the output moving positive, since the positive feedback
through R3 then causes the output to almost instantly switch
to the high state. [t is then necessary for the inverting input to
be taken above two thirds of the supply voltage in order to send
the output back to the low state, and again positive feedback
ensures that the output triggers straight from one output state
to the other and cannot take up a state between the two extremes.
An obvious effect of the positive feedback, apart from the
triggering of the output from one state to the other, is the
introduction of two distinct input voltages at which the circuit
switches output states. In this case there is a large amount of
feedback through R2 and R3 so that the two voltages are well
separated. In some applications this would not be acceptable,
and R3 would have to be made much higher in value so that its
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shunting effect on R1 and R2 would be greatly diminished. A
value of 1 Megohm or even more should ensure reliable triggering
from one state to the other, but where practical it is advisable

to use a large amount of feedback as this will give the best
possible reliability with good immunity to spurious operation
due to noise or instability. Note that the effect of R3 will be
slightly less than one might expect since the output of IC1 does
not go fully positive or negative, and with a low supply voltage
this will in fact substantially reduce the amount of hysteresis
introduced by R3.

Non-Inverting Trigger

Figure 44 shows the circuit diagram of a non-inverting trigger,
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Fig. 44. A non-inverting trigger circuit
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