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an IF filter to the phase comparator. The
other input to the phase comparator
receives a high -stability 10.7 MHz refer-
ence signal from the reference oscillator,
thus, when the signal is locked in, the
TVCO follows the aerial signal deviation.
This means that the deviation of the
10.7 MHz signal is considerably reduced,
Bence the name 'Feedback PLL'. Because
of this reduced deviation the IF band-
width is much smaller than in a con-
ventional receiver.
In the article entitled 'Modulation Sys-
tems' the minimum bandwidth of an
FM signal is given as:

bale, = 2(m -F

and this relationship is valid when
m> 1. In a feedback PLL, however, the
IF -signal modulation index is consider-
ably less than 1 which accounts for the
reduced bandwidth. The significant
advantage of a feedback PLL system lies
in the IF bandwidth, which becomes
independent of deviation and in fact
depends only on the highest modulation
frequency. This gives improved signabto-
noise ratio and lower distortion com-
pared to a conventional receiver, al-
though the degree of improvement de-
pends on the original modulation index
of the aerial signal.
Formono FM transmissions, with a
maximum modulation frequency of
15 kHz and a modulation index of 5, the
IF bandwidth in a conventional receiver
must be 180 kHz, whilst the bandwidth
in a feedback PLL receiver is only
30 kHz. The ratio is considerably less
unfavourable for stereo transmissions
however, as the highest modulation fre-
quency of 53 kHz means that the feed-
back PLL IF must have a bandwidth of
106 kHz. The principle of feedback PLL
was known before the introduction of
stereo FM broadcasting but unfortunate-
ly this did nothing to prevent the intro-
duction of multiplex stereo systems and
so any improvements that might have
been made in stereo reception were
thrown away.
It is still true to say, however, that a
feedback PLL receiver similar to fig-
ure 13 gives a considerable saving in cost
compared to a conventional receiver with
comparable performance. Feed-
back PLL systems are of particular in-
terest to radio amateurs, because signifi-
cant improvements in signal-to-noise
ratio may be realised if a low maximum
modulation frequency is specified. How -

as far as the author is aware, little
work has been carried out in this field.
This is surprising as the principles in-
volved have been known for many years
and the VHF and UHF amateur bands
offer unlimited possibilities for experi-
mentation.

Summary
PLL is particularly suitable for frequency
synthesis and for demodulation of
FM signals. When used as an FM detector
the relative deviation of the input signal
should be as high as possible. This
involves the use of multiple frequency

conversion which is too expensive for
the consumer market and too compli-
cated for many home constructors.
Feedback PLL's may be used at high
frequencies and offer the advantages of
reduced IF bandwidth and lower dis-
tortion with the absence of conventional
AFC. Full exploitation of the potential
of feedback PLL's is probably too ex-
pensive for consumer applications. Never-
theless, simplified feedback PLL circuits

are feasible and are indeed cheaper than
conventional receivers. They should,
therefore, be of interest in consumer
electronics.
VHF and UHF radio amateurs are par-
ticularly well placed to take advantage
of feedback PLL techniques, as then
own experience makes them familiar
with the RF work involved.
A simple feedback PLL FM receiver will
be described in a future issue of Elektor.
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decimal to bcd converter

This converter can be used as a manual
encoder which will convert decimal
coded signals into BCD codes and drive
digital circuits. Furthermore, the con-
verter can be used as a teaching aid for
explaining the BCD code.
One IC and six germanium diodes are
sufficient for converting a decimal num-
ber into a BCD number. A switch for zero
is not provided because the converter
automatically indicates zero when all
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switches are open. The reverse resistance
of the diodes must be as high as possible
(if necessary, check with an ohmmeter)
and the gate inputs can be provided with
a pull-up resistor connected to the posi-
tive supply voltage.
If the circuit is to be used to explain the
BCD code, the BCD -output conditions
can be indicated by means of LED's. The
circuit for the required buffer stage is
shown in figure 2. g4




