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AN ADD-IN CRYSTAL FILTER

This crystal filter was built for considerably less
than a commercial unit, and while it may not be up to
some commercial standards it is more than adequate

for good SSB and AM reception. I used crystals on a
frequency of 6.5MHz but crystal freguency is not
important except that a frequency should be chosen that
does not clash with any fregquency to be received. The
crystals XLl and XLZ2 should be about 1.5kHz apart and
XL3 should be 455kHz (or the first IF) from the

centre of XL1 and XL2. RFCl should be self resonant
at approximately the filter frequency. -

The circuit has a gain of about 2dB and it can be

added to an existing receiver with little modification.
The output of the filter can go straight to the detector
if necessary. The filter must be enclosed in a metal

box and the positivesupply rail must be well filtered.

When completed, L1 is aligned at the centre freguency
of XL1 and XL2. This reduces the double hump and
flattens the top of the response curve. Ct is a

small capacitor of about 1 or 2pF, a "gimmick" or pair
of insulated wires twisted together for about 2 to

3cm should be enough, This capacitor assists in
steepening the sides of the response curve, but if too
large it will cause side lobes to appear. The capacitor
must be across the higher frequency crystal as it will
widen the response curve if it is connected across

the lower frequency crystal.

The filter which I have made has a bandwidth of 2kHz
at 6dB down and 9kHz at 60dB down. This type of
filter may 2lso be used immediately following the
mixer in a single conversion receiver with a tunable
oscillator.
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ADDING AN S METER IN YOUR RECEIVER

This article answers the often repeated questions: How does
an S-meter work? How can one be added to an existing rec-
eiver? How may it be calibrated?While it refers to valve
receivers in particular, the basic ideas are applicable

to transistor receivers.

At the outset it must be emphasised that, for the most part,
S-meters (i.e. signal strength meters) give comparative
rather than absolute readings. -

Among the reasons for this are:

1. The sensitivity of most receivers varies over their range,
so that meter readings may vary from one input frequency
to another for signals of the same nominal strength.

2. The signal fed to the receiver depends of the pick-up
of the aerial and this varies widely with frequency and
directivity.

3. Even assuming that the '"zero signal" and "maximum sig-
“nal” limits of the meter scale are reasonably defined, the
law of the readings in between may vary randomly from one

combination to the next.

4. S-meter readings are frequently affected by the setting
of manual RF and IF gain controls and may be misleading
unless these controls are operated normally at full-on.

Despite these problems, S-meters can usefully indicate a
difference in strength for signal to signal or from day
to day, and recorder S-meter readings have a definite
advantage over a mere, aural impression and memory.
However, only if an S-meter has been specifically des-~
igned into a receiver and then calibrated with the aid of
a signal-generator will its reading mean much in terms of
input signal micro-volts.

The simplest type of S-meter or tuning indicator is a 5SmA
or 10mA meter wired in series with the cathode resistor
of an AVC controlled IF amplifier. (See Figure 1) With

no input signal, or with the aerial terminal shorted to
cahssis, the meter reads near maximum current.

When a signal is tuned by the receiver, a negative voltage
is developed on a AVC line and applied to the IF amplifier
control grid.

The IF amplifier draws less current, with the result that
the meter in the cathode circuit shows a reduced reading.
Hence the meter reading varies with the AVC voltage
applied to the IF amplifier and this, in turn, is direct-
ly related to the signal strength of the station to which
the receiver is tuned.

To achieve the maximum sensitivity with this S-meter
circuit, it is desirable that the IF amplifier assoc-
iated with the circuit be arranged to operate with high
natural gain for weak signals. This will give the greatest
swing of cathode current for an applied AVC voltage vari-
ation.



If two IF amplifier stages are in use, it should be poss-
ible to determine experimentally whether the meter

can be operated most effectively in the cathode return
circuit of either one or both together.

If the cathode current should exceed the meter rating,
a shunt across the meter can be used to give fullscale
reading under no-signal conditions.

With this ecircuit, the meter reads deflected to the right
with no signal input, but returning towards zerc as the
strength of an incoming signal increases. With a very
strong input signal, the cathode current may fall to about
10 per cent of full scale.

Technically, there is no special disadvantage in a reverse-
reading scale, the only requirement being that it be
suitably calibrated, either with figures hand-lettered

on to the meter face or pasted on to the front of the meter’
glass.

For those who may wish to achieve a simple "forward reading"
scale, the meter may be mounted upside-down with the needle
pointing to the bottom of the front panel.

In the design of commercial equipment, it has been an
accepted standard that an S-point calibration should equal
an increase in signal strength of 6dB.

By way of example, in calibrating the S-meter on a typical
communications receiver some time ago, we set S1 as being
equivalent to a one micro-volt signal at the aerial
terminal. As each succeeding S point was equal to a 6dB
increase in signal strength, S9 resulted from a 256-micro-
volt signal. While it thus takes quite a signal to give

an 89 reading, at least the readings are realistic and do
convey some meaning when the input signal per S point is
quoted.

With the particular receiver, there was no special problem
about this calibration, because the internal circuitry

of the front-end unit was arranged to maintain a substant-
ially constant order of gain ever the entire rangé of
frequency coverage. In receivers where the gain varies from
band to band, it may be necessary to strike some kind of

an ""average', or calibrate for the band of greatest inter-
est or add to the bandswitching some provision to modify
bias or screen voltage to even things out.

For those who do not have access to standard signal gener-
ators, it is not practical to calibrate an S-meter on
this basis and an arbitrary calibration must be made.

A logical approach to the problem is to set S9 on the meter
as being a very strong signal, with no background noise,
received from a station other than a nearby neighbour. From
this point the meter reading could be evenly divided to
provide calibrations of 1 to 9 S points. However, if you
receive a request for an accurate S meter report, it is
only fair to explain the arbitary way in which the S-meter
calibrations of your receiver have been determined.
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As distinct from the simple cathode current measurement
of figure 1, various circuits have been devised to pro-
duce an inherently forward reading type of S-meter, in
which the pointer is deflected "up-scale" to the right as
the strength of the incoming signal increases. In such
circuits, it is also usual to arrange matters so that the
meters read from near zero for no input signal to near
full scale for maximum signal, so that the full length of
the meter scale is used.

A line of approach is to use a fairly sensitive meter,
typically a l-milliamp movement, in what is virtually a
bridge circuit and so arranged that a decrease in the
plate current of one or more AVC controlled amplifiers
produces an increase in the current flowing through the
meter.

A simple form for this bridge circuit, frequently used in
communication receivers, is shown in figure 2.

¥ith about 250V HT, about 5mA would flow through the 2.2
and 47K resistors, putting the junction between the two
about 11 volts below the HT line. In the other arm of the
bridge, set to the full 1,000 ohms, the same voltage drop
would be evident with about 11lmA flowing to the metered
valve; under these conditions, the meter would read zero.

Application of an AVC voltage to the metered valve would
reduce its current, reduce the voltage drop across the
1K potentiometer and allow the positive side of the
meter to approach more closely the HT line, causing the
meter to read forward.

Adjustment of the 1K potentiometer allows the meter to be
set to zero, under no signal conditions, for a total
metered current higher than about 11mA. For currents

less than this figure, it may be necessary to revise the
value of the 22K resistor.

The amount of fdrward deflection depends on the meter
sensitivity but can also be varied by shunting the meter
or by modifying the value of the 2.2K resistor and the
setting of the 1K pot.

Adjustments as outlined in the two preceding paragraphs
are commonly necessary with forward reading type S-meters.
They are aimed at (1) securing zero meter deflection with
no input signal and (2) controlling the sensitivity of
the circuit so that the meter will read S9 (256uV) at
less than full scale, with a margin for those signals

(S9 plus) which are even stronger than this.

A somewhat different circuit arrangement is shown in

figure 3. Resistor Rk is the normal cathode resistor of

an AVC controlled IF amplifier. Resistors R2 and R3

should add up to the normal resistance for the cathode
circuit of the audio power amplifier. These resistors should
be selected in value so that the moving arm of R2 can be
set to a voltage equal to that at the cathode of the IF
amplifier under no-signal conditions.

9



In some cases it might be necessary to reverse the posit-
ions of R2 and R3. It also may be possible to use a single
potentiometer instead of R2 and R3 but this will decrease
the vernier effect of the series resistor. To adjust the
S-meter set R2 with the aerial shorted for zerg reading;
set the sensitivity control, the 1500-ohm potentiometer
(R1) for full-scale reading with the IF valve removed from
its socket.

The idea of obtaining a balancing voltage from another valve
has the advantage that voltages are applied to both sides

of the meter at about the same time, as the two valves begin
to draw current. With figure 2, on the other hand, voltage
is applied via the 2.2 and 47K resistors immediately

voltage appears on the HT line. The meter therefore is

subject to a reverse voltage before the controlled valves
begin to draw current. This is not likely to damage the
meter but it does not look the best.

The remaining circuits illustrate forward reading S-meters
using additional valves. These tend to give an approximate
linear dB scale without undue crowding.

In figure 4 a milliameter is incorporated in a bridge in
the plate circuit of the additional valve. To adjust this
system either remove the additional valve from its socket
or open the cathode circuit so that the valve does not

draw current. While the circuit is in this condition adjust
the shunting resistor across the meter until full-scale
reading is obtained. The value of the shunt will depend

on the internal resistance of the meter used. With the
valves mentioned on the diagram the approximate current
flowing in the meter will be 2.5mA.

With the valve, or circuit, restored to normal the aerial
of the receiver should be shorted to chassis and the zero
set potentiometer set to give zero reading on the meter.
Increase of signal strength will be registered to the stage
where the AVC voltage is high enough to cut-off the addit-
ional valve's plate current. This will normally occur with
approximately 15 volts on the AVC line, which represents

a very strong signal.

The final circuit is one which can be fitted easily to most
receivers, either internally or externally. It incorporates

a twin triode valve in what is essentially a valve voltmeter
circuit. Again two pre-set controls are used to set the
parameters of the meter readings. The zero set may be used

to adjust the meter to minimum reading with no signal other
than receiver noise. The calibrate control can be arbitarily
set to give a S8 or 89 reading at between mid to threequarter
scale.

While there are many other S-meter circuit configuratioms,
the ones given here will probably allow the selection of

a suitable type for most receivers. If mounting an S-meter
on an existing receiver, where space is at a premium, con-
sideration could be given to the use of edge type meters
now available in Australia, some of which are available
with S-meter calibrations.
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CRYSTAL LOCKED HF RECEIVER

Here is a receiver designed for use on specific HFF communications or
broadcast channels. Crystal controlled, it may be used on any number
of channels for which crystals can be provided. Designed around the
TAAB40 IC it is cheap and easy to build.

There are many uses for such a receiver, some of them at professional
and semi-professional level. Those organisations which already operate
communications systems in the HI band, often have need for extra
receivers to monitor their channels. This little set would seem to be

an ideal unit for the job.

There are still many applications where a fixed tuned receiver would be
" useful. There are several frequency and time standard transmitters
scattered throughout the world and our receiver would be a logical
choice for monitoring them.

Another obvious application is to monitor the various university radio
transmitters. We are often asked for a receiver which will operate
exclusively on one of these channels, and this design would seem to
be the answer. .

Again, certain overseas or local shortwave broadcast stations may inter-
est individuals to the point where they would be happy to be able to
monitor the channel with a high degree of reliability.

The receiver is designed around the TAA840 IC, a unit originally intend-
ed as the myjor portion of portable broadcast receivers, and requiring a
minimum of peripheral components to make it'work.

Since the introduction of the TAA840, many people have experimented
with it to find if it is suitable for HI' reception, up to, say, 15MHz.

Experiments have shown that the oscillator section of the IC restricts
operation beyond the broadcast band, but that it is capable of working
well into the HE band it it is provided with an external oscillator.

On corsulting the makers for information relative to highest frequency
operation of the IC with an external oscillator, it was felt that it could
possibly achieve an upper limit of at least 14—15MHz, but no data was
available to confirm this. It was suggested that the limiting stage would
be that originally used as the oscillator but which, under the new
arrangement, becomes the mixer.

Apart from the external oscillator and the IF system, the TAA840
applications information circuit was followed. A few alterations to

circuit values allows it to be operated from a 9-volt battery.

So much for the general aspects of the unit.
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A brief description of the circuit will help the reader appreciate how
the set functions. The aerial feeds into a conventional tuned circuit,
except that it is a fixed tuned arrangements, adjusted to suit the
selected crystal. The crystal and tuned circuit may be contained in
a plug-in module, if more than one channel is to be monitored.

The BF194 transistor functions as a form of Pierce oscillator in con-
junction with the selected crystal. This oscillator will operate over a
wide range of frequencies, by simply plugging in the appropriate crystal.
Output is taken from the emitter and coupled to pin 3 of the IC via a
330pF capacitor.

Also coupled to pin 3 is a ceramic filter resonant at 455KHz. Within

the IC pin 3 connects to the emitter of what is now the mixer transistor.
The ceramic filter, which has minimum impedance at resonance, functions
as a bypass across a 2.2K resistor in the emitter circuit, and makes it
better able to handle signals at 455KHz.

Pin 2 is the collector of this same transistor, and connects the external
IF components. These consist of two IF transformers, top coupled, and
another ceramic filter. Output of the filter goes back into the IC at pin
12. A volume control connects between pins 9, 11 and common, and
the audio is taken from pin 7 and fed to a complementary — symmetry
pair, AC187/AC188.

On the construction side, the whole receiver is assembled in a small,
sloping-front instrument case. Layout can be judged from photographs
of the prototype.

The circuit board carries almost all components closely associated with
the operation of the IC. Components external to the board are the aerial
tuned circuit, crystal, loudspeaker, volume control, and off/on switch.

In the prototype, we mounted the aerial coil and crystal in a small metal
box so that channel changing could be achieved simply by plugging in a
suitable pretuned module.

Readers may have their own ideas on channel selection, and we leave
this portion of the construction to the individual’s ingenuity. One alter-
native arrangement could use a miniature rotary switch, selecting the
desired number of coils and crystals. For single channel operation, a
single coil and crystal could be wired in permanently.

Whatever system is used, make sure that leads are kept short and that
there is a metal screen between the aerial coil and the crystal. This is
necessary to minimise the risk of instability, particularly at the higher
frequencies.

13



For readers who wish to duplicate our module arrangement, connection
is made to the receiver circuit by a dual “‘phono” connector strip. The
module itself carries two phono plugs mounted at the same centres as
the connector strip (in). One is soldered directly to the module box,
and the other insulated from it in an oversize hole and fastened with an
epoxy such as “Araldite”.

This provides four connections to the module. The crystal is connected
to the soldered phono plug, the centre pin being the “hot” lead to the
base of the oscillator transistor. The shell of the same socket is used
for the crystal common return and the coil common return. The aerial
coil is connected to the insulated phono plug; the tapping to the pin,
and the aerial input lead to the insulated shell. The aerial input socket
is a similar type of single phono plug mounted on the front panel.

The aerial tuned circuit consists of a fixed capacitor and an adjustable
coil wound on a Neosid former with adjustable core. The coil is mount-
ed so that the core is accessible through a hole in the side of the module.
The winding is closewound with enamel wire to the specifications given
in the accompanying table.

Although we have shown data for only two aerial coils, the choice of
capacitor value will allow any frequency from 2 to 11MHz to be covered. |
With a lower value capacitor, it may be possible to extend the frequency
up to 15MHz or so.

If separate aerial coils are wound to cover these higher frequencies it
would be advisable to select a grade 900 core for the coil former. The
grade 500 specified is intended for use only up to about 10MHz.

If you wish, you can make your own IF coils to the data given.

The IFs are scramble wound on small Neosid ““cotton reel” type E cores,
assembled with a small cup and threaded tuning cores.

With the aerial coil data specified, the sensitivity for SOmW in the

speaker was of the order of 1.54V. This may vary slightly between
individual ICs, but is adequate for most situations. With increase of
RF input, the AGC control was within specifications of the IC data.

As we said earlier, there is very little information available as to the
highest frequency at which these ICs will work. If a particular unit will
not work up to 14 or 15MHz, it may be worthwhile to select a different
1C. A batch identification code is usually placed in small letters under
the type number and one from a different batch may work better.

The crystal frequency should be the signal frequency plus or minus the
IF. This may present a problem in some cases, since the actual IF will
be determined by the response of the particular SFD455B ceramic
filter. These are made to a nominal 455KHz, but with a tolerance of
plus or minus 2%.

14
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Ideally, the IF filter frequency characteristics should be quoted when
ordering a crystal, but very few constructors have the equipment to
measure the natural resonance of the ceramic filters with the accuracy
necessary to order a “spot on” crystal.

In these cases, there are one or two tricks that can be employed to
minimise possible errors. One is to “‘pull” (shift) the crystal frequency
by a small amount.

“Pulling” can be achieved, within limits of reliable oscillation, by insert-
ing capacitance in series with the crystal to slightly increase its frequency
or in parallel to reduce its frequency. A small air trimmer can be used
for this.

A more complete solution, at some cost in selectivity, is to eliminate the
SFD455B filter. This will allow the IF response to be determined by
adjustment of the remaining IF transformers. The crystal can then be
determined by adjustment of the remaining IF transformers. The crystal
can then be ordered on the basis of a 455KHz IF, the IF channel being
ultimately adjusted to this on the basis of best reception of the signal.
Subsequent crystals could be ordered on the same basis.

The ceramic filter is eliminated by bridging the output of the tunable
IFs to the input of the IF AMPLIFIER (pin 12) with a 0.047uF cera-
mic disc capacitor. (Shown dotted in the circuit.) The effect of the
BFB455A ceramic filter can be neglected in these circumstances.

Another decision to be made before the crystal is ordered is whether it
should operate on the high or low side of the wanted signal. While
either will work equally well, the matter of possible images must be
considered. Particularly at high frequencies, the simple aerial tuned
circuit may not be able to reject a powerful signal which could be
located 910KHz (twice the IF) away from the wanted signal.

For example: If the wanted signal is on 10MHz the crystal could oper-
ate at either 10.455MHz or 9.545MHz. Working at 10.455, the image
would occur at 10.910, while working at 9.545 would put it at 9.090
MHz. If there was a powerful signal on either of these two image
frequencies it would be wise to select the other one.

If a signal generator is available it could be used as a substitute for the
crystal, temporarily, to allow both image conditions to be investigated.
When a decision has been made, the crystal can be ordered.

The only type of crystal which will work reliably in the Pierce oscillator
circuit is one cut for the fundamental mode. “Overtone™ cut crystals
may or may not operate in the circuit. If they do, they will operate on
their fundamental, which will be approximately some odd sub-multiple
of the figure stamped on the case.

16



There should be no difficulty in obtaining fundamental crystals up to
* the likely limit of this receiver. In fact fundamental crystals can be
supplied up to 40MHz, although they are quite fragile. Up to 15MHz
there are no special difficulties.

Crystals, if bought new, should ideally be “wire in”" types when used in
either the module or wired to a rotary switch. This obviates the use of
crystal sockets, which can take up more room than necessary. There
is no hard and fast rule to this, but it makes handling of components
that much easier.

Assembly of the receiver should not present any problems. Drill all
large and small holes for mounting and controls in the panel. Cut holes
as necessary for the speaker, and module (if used).

Mount the speaker on the panel with a picce of expanded aluminium or
fabric between. Mount the volume control {(with its shaft shortened for
an appropriate knob), the on/oft switch, aerial connector, and two in
circuit board pillars.

Assemble the circuit board starting with the IC and smaller components
first; then the flying connecting leads to the volume control, speaker,
battery and switch; and finally, the module connector. Care should be
exercised in orientation of the IC on the circuit board. Damage to the
circuit board and/or the IC may result it the IC is soldered in place and
then has to be removed. To this end, an arrow indicator is etched in

the foil of the circuit board, and the corresponding notch on the topside
of the IC at one end should be at the arrow head (see printed wiring
pattern) between pins 1 and 14.

Mount the completed circuit board on the brass pillars and connect the
flying leads into circuit. Check for shorts, etc.

If everything is ship-shape, a rushing sound should be audible in the
speaker when the receiver is switched on, and should be variable with
volume control setting.

Alignment should be relatively simple. It will be a little easier if a signal
generator is available, but this is not essential. If a generator is available,
it should first be used to adjust the IF transformers. The generator is fed
into pin 1 of the IC via a 0.1uF capacitor. Connect an output meter, or
multimeter on the low AC range, across the speaker terminals.

Feed in a signal at approximately 455KHz. The exact frequency will be
determined by the second ceramic filter, and the idea is to set the two
transformers so that they are at the same frequency as the filter. Final
adjustment is to the aerial circuit, which may be set approximately by
means of the signal generator, and precisely when the wanted signal is
received. Output from the generator should be kept at a minimum at
all times, and the volume control of the set advanced to maximum.

17



If the circuit has been built without the ceramic filter, the generator
should be set as close to 455KHz as possible and the IF transformers
adjusted to this. When the wanted signal is received, the transformers
can be touched up for best results.

If no signal generator is available it will be necessary to wait until it is
known that the wanted signal is available and then adjust the IF and/or
aerial coils until the signal is received and brought to maximum strength.
Ideally, the aerial circuit should be adjusted with the set connected to
the aerial with which it is to work.

Finishing the receiver off is simply a matter of placing the whole
assembly into its plastic cabinet and inserting the four anchoring screws
in the appropriate positions.

Parts List

Plastic cabinet with front panel.

3 inch 15 ohm loudspeaker.

9 volt battery.

Connectors for above.

Circuit board.

IF transformers.

Neosid type “E” adjustable inductance assembly, 36B&S or
40SWG DTE wire, and two miniature 330pF capacitors.
Neosid former type 3511 with 6mm x 12mm 500 grade core and
34B&S, 28B&S sor 30SWG DTE wire for aerial coil.

1 Murata SFD455B filter unit 38SWG.

1 Murata BEB455A filter unit.

AC187/188 complementary transistor pair or R§276-2001 and
RS276-2005.

TAA840 integrated circuit.

Phono socket.

Phono plugs.

Dual phono receptacle assembly.

Miniatuee single pole toggle switch. )

BF194 or RS276-2009, 2N3694, BF115-121-163.

— [ SR R

~

L R T

RESISTORS (% watt)
1 220K

1 100K

1 22K

1 15K

2 10K

1 1K

1 470 ohm

1 330 0hm

1 270 ohm
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120 ohm

82 ohm

68 ohm

150 ohm thermistor.

5K potentiometer, curve C (log).

CAPACITORS

125uF 12VW

S0uF 6VW

25uF 3VW

0.1uF ceramic or polyester.

0.047uF ceramic or polyester.

0.022uF ceramic or polyester.

0.01uF ceramic or polyester.

0.0047uF ceramic or polyester.

0.001uF ceramic or polyester.

330pF miniature polystyrene (Ducon DF-B112 or similar).
68pF NPO ceramic.

22pF NPO ceramic.

10pF NPO ceramic.

Polystyrene capacitor(s) to resonate aerial coil (see coil data).

L

N VA X S )

Crystal(s) to suit desired channel (see text).

Small control knob. Hookup wire. Expanded aluminium or suitable
speaker fabric. Metal strip for battery clamp. Nuts, bolts, brass pillars,
etc.

IF and Aerial Coil Data

IF Coils:
Neosid type “E” adjustable inductance assembly.
Winding wire: 36B&S DTE or 40SWG.
Windings: Resonant: 130 turns.
Coupling: 15 turns.

Aerial Coils:
Former: Neosid type 3511; Core: Neosid 6mm x 12mm, “500” grade.
f L1 L2 C Wire
2-3MHz  3turns 40 turns, tap 220pF  34B&S or 38SWG
. at 5 turns
3.7-5MHz  asabove as above 150pF  as above
4.4-6MHz  as above as above 100pF  as above
5.8-8MHz  2turns 15 turns, tap 270pF  28B&S or 30SWG
at 2 turns
7.8-11MHz  as above as above 150pF asabove

L1 to commence at end nearest mounting flange, and placed approx.
3mm from this end. L2 to be wound over L1.
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EXPERIMENTAL AM TUNER USING A PHASE-
LOCKED LOOP

Those who would like to experiment with one of the new “phase-locked
loop” ICs should find this article particularly interesting. It explains
the operation of the devices, and describes an experimental AM broad-
cast tuner.

When phase-locked loops or “PLLs” became available in IC form recent-
ly, our immediate reaction was that it should be possible to use one of
these devices to produce a simple yet high performance synchrodyne-
type AM radio tuner. After many frustrations and a good deal of
experimental work we have finally managed to produce such a unit, and -
it does work quite well — most people who have heard it have been very
impressed.

It’s not quite as simple as we had hoped, for reasons which will become
apparent. However it is still quite easy to build and get going, and will
not cost very much. We are not claiming it to be the ultimate design for
a tuner or receiver of this type, by the way — merely one which works
quite well and should serve as a good starting point for those who would
like to experiment further.

For the benefit of those not as yet familiar with PLLs, we should
perhaps point out the concept is not new. It was actually proposed by
a Frenchman named de Bellescize in 1932, in an article titled “La
Reception Synchrone”. As this suggests he was in fact proposing it as a
system for radio reception, although more recently it has been used for
many other applications such as signal processing, frequency synthesis,
and noise filtering. The application of the idea to radio reception was
proposed again in 1947 by D.G. Tucker, who first coined the name
“Synchrodyne”.

Actually the concept of the PLL should already be quite familiar to
many readers, because there is a PLL in virtually all modern TV receivers.
This is the so-called horizontal automatic frequency control or AFC
circuit, used to lock the horizontal sweep oscillator in phase with the
incoming sync pulses.

You can see the similarity to this type of circuit in Figure 1, which
shows the basic arrangement of a PLL. In simple terms, the frequency
and phase of the voltage-controlled oscillator or “VCQ” are locked to
the input signal by comparing them in a phase comparator, filtering
the resulting error voltage and using it after amplification to control
the VCO.

Practical PLLs do not actually lock the VCO phase directly to that of
the incoming signal, but because of the way they perform the phase
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comparison there is a fixed phase difference of 90 degrees. For most
applications this is not important, but when the PLL is to be used for
synchronous detection of AM signals the 90 degree difference must be
removed. This is done by feeding the signal used to lock the PLL
through a 90-degree phase shift network, as shown in Figure 2.

The two 90-degree phase shifts effectively cancel, because regardless of
the actual phase of the VCO ~ zero or 180 degrees relative to the input
signal — both polarities of its output are fed to the product detector
used to produce the demodulated audio.

As you can see from Figure 2, using a PLL for AM detection is in fact
the Synchrodyne system. We beat the incoming AM signal with an
oscillator of the same frequency and phase as its carrier, in a product
detector, and thus produce the original audio information. The PLL
.is used to ensure that the local oscillator is accurately locked to the
carrier.

It was with the general scheme of Figure 2 in mind. that we bought a
Signetics type NE 561-B integrated PLL a short time ago. The NE
561-B is a high performance device which includes not only the basic
PLL elements of Figure 1, but also a product detector for AM detec-
tion. Typical devices will work from less than 1Hz to more than
30MHz, and will lock to input signals as small as 100 V.

A simplified block diagram of the NE 561-B is shown in Figure 3. Note
that the PLL error voltage is amplified and brought out to pin 9, because
the basic PLL can be used for FM demodulation merely by feedingina
frequency modulated signal. The modulation forces the PLL to follow
it in frequency, so that a replica of the original modulating signal is
generated as a component of the error voltage. A capacitor can be
connected to pin 10 for de-emphasis if desired.

At the time we bought the device, only very scant applications literature
was available. Undaunted, we hooked it up on the bench with the
necessary components and power supply, making ample use of the
“third dimension™. An aerial formed by a length of hookup wire draped
around the workshop was coupled directly into the PLL input via a
0.2uF capacitor. After a short while clean, crisp music emanated from
the loudspeaker of the bench amplifier connected to the birds-nest.
However after a few quick checks it soon became clear that there were

a couple of nasty snags.

With the NE 561-B, tuning of the PLL’s nominal frequency can be done
using either a conventional tuning gang capacitor (but one with a rather
odd value), or a pot in conjunction with a fixed capacitor. The pot is
used to adjust bias current for the VCO, which is basically an emitter-
coupled multivibrator. Tuning with a pot seemed both novel and
simpler, so we had chosen this method. As a result we had no RF
preselection ahead of the PLL.
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The most obvious problem was that without the preselection, the cap-
ture effect of the PLL resulted in it virtually ignoring the weaker
stations, effectively “seeing” only the two strongest ones'in our area —
we could have either one or the other, and nothing else! There was
also a pronounced distortion on transients, which we put downtoa
lack of sufficient carrier amplitude to reliably maintain PLL lock on
negative modulation swings.

We also found that a filter was required at the AM output to attenuate

the residual RF components from the product detector. When we tried
a simple low-pass R-C filter it tended to chop the audio highs, so it was
obvious that a not-so-simple filter would be needed.

To solve the first two problems we decided to use an RF stage, with at
least a basic amount of preselection and gain. This more or less ruled
out the pot approach for tuning the PLL, at least if it was to be tuned
to each carrier in true synchrodyne fashion. We baulked at the idea of
trying to track a pot and a capacitor!

We tried two ways around this, one using a two-gang tuning capacitor
and the other using push-button tuning. The latter seemed a good idea
because of the heterodyne whistles which traditionally plague synchro-
dyne reception, although as it later transpired, this is not nearly the
problem expected when a PLL is used.

Both of the approaches we tried seemed to lead nowhere. The mere
fact that we were trying to make the PLL and front end track over

the 1 MHz range covered by the broadcast band seemed to produce all
sorts of instability and component drift problems, and re-adjustment
was constantly needed. Somewhat despondently we shelved the idea
for 2 while, and only tinkered with it occasionally when time permitted.

Some time later we hit upon the idea of getting around these problems
by using the superhet principle. The advantages were pretty obvious:
with the PLL operating at a fixed intermediate frequency, the tuning
and tracking problems would disappear. It would also do away with
the inevitable compromise in the 90 degree phase shift network, which
could be adjusted for optimum operation. Even the filter in the AM
output circuit could become a simple IF trap, using a standard IF
transformer. Sure, it was getting away from the classic synchrodyne
approach, but we would still have the advantages of synchronous
detection. And so was born the basic idea of the *““super-synchrodyne”.

The circuit and photographs show the experimental tuner that has
been the initial outcome of all this activity. it uses a ferrite rod aerial
and a simple autodyne mixer, with a FET RF stage in between the two.
A BC109 or similar transistor is used as an amplifier to drive a voltage-
doubling detector used to develop AGC for the RF stage, to overcome
overload problems.

29



‘BAOQR UMOYS S Joum
T7d 418/0w03 8y JO WYHOVIT LINJYID -

(3A08Y WOWJ om_lu_s;

wn“n“m o,

3
D
®
" D o
wrege WO
18voe
€ 44—

A+ ’ g 4



As you can see, the unit we built is wired on a piece of matrix board
and uses a number of components resurrected from the junk box.
The “germanium diodes” used in the AGC detector are actually the
base-emitter junctions of two old germanium transistors, because we
didn’t have any OA91’s or similar handy.

We also found it necessary to fit'a small earthed shield around the
0.22uF bypass on the spare RF input of the IC (in 12), otherwise
there was evidence of instability.

In you build this unit up, the free-running frequency of the PLL should
be set up to 455kHz using the 50k pot, in the absence of signal.

Ideally this should be done with a calibrated CRO or a frequency meter,
but failing this the circuit can be roughly set by first aligning the front
end and then adjusting the 50k pot until the IC will lock on the smallest
signal. Probably the best way to do this is to use an aerial attenuator
and keep tuning the signal down and re-adjusting the pot until you feel
the optimum has been reached.

You will find that with a reasonable aerial and earth, the tuner gives
quite impressive results. And perhaps the most surprising thing about
it is the almost complete absence of the loud zeroing-in whistle usually
found with synchrodynes. Because the PLL “jumps out and grabs”
the signal as you approach it with the tuning, there is nothing more’
than a rapid “‘swish”. In fact many people have tried tuning stations
with the unit and have not realised that it is a synchrodyne until they
have been told!

We are sure this is not the only approach by which you could get good
results using the NE 561-B for high quality AM reception. However

it is at least a starting point, and one which has been shown to give
good results. The rest is up to you, largely. One addition which might
make a worthwhile improvement is a tuning meter, which could be
arranged fairly easily as an add-on to the existing AGC circuit.
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. SHORT WAVE CONVERTER FOR 2MH3 TO 6MH

We previously described a simple converter covering the frequency
range 6~ 19MHz. This is another version which is designed to cover
from 2—6.5MHz, and should thus be of interest to readers who wish
to listen to the marine and other transmissions within this range.

As a logical follow-on from our Basic Short Wave Convertet covering
the more popular short-wave bands between 6MHz and 19MHz, this
latest unit covers the lower end of the short-wave spectrum: the
range between about 2MHz and 6 MHz, This band is somewhat more
specialised, in that it includes quite a number of marine and other
communications bands, but it can be quite rewarding.

1t is not proposed to repeat all the constructional details as given
previously. Rather, we will concentrate on the differences between the
two units, giving sufficient information so that the more experienced
reader will be able to construct this new version without much if any
reference to the previous article,

As may be anticipated, the main differences lie in the coils and

tuned circuits generally. The padder capacitor in the oscillator circuit
has been changed from .0015uF to 470pF, to meet the new tracking
requirements. The printed wiring board and metalwork are identical
to those used previously. This includes the dial drive assembly,
although this of course has a new scale, As mentioned earlier, this dial
assembly has been modified and the new one requires a somewhat
higher front panel although the mounting centres are the same, This
has been taken care of in our metalwork drawing.

I addition to the more obvious changes from the previous converter,
we have also made a slight change in the intermediate frequency, from
anominal 1.6MHz to a nominal 1.5MHz. This can be done without
any change to component values, it only being necessary to adjust the
tuning slug in the output transformer. This change has been made
because when an IF of i. IMHz was first used the local oscillator of

the receiver into which the converter was being fed appeared at
2055MHz on the converter dial. By changing to an IF of 1.5MHz,

this signal from the receiver oscillator is on 1.955MHz, which is

_outside the tuning range of the converter.

Due to the somewhat larger number of turns required on the aerial

and oscillator coils for the lower frequency range, we have used the
longer type of Neosid coil formers.

While we are on the subject of coils, perhaps a good place to start

-tonstruction would be to wind the aerial and oscillator coils. The

gerial coil consists of a primary and a secondary winding, with the
gecondary wound first. This consists of 85 turns of 28 SWG enamel
wire. The start and finish of this winding may be anchored with a

.small piece of adhesive tape. This is slipped under a few turns at each

end during winding. The end protruding is then folded over the top
of the winding when completed. The primary winding of 10 turns
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of 28 SWG enamel is wound over the bottom end of the secondary,
after having placed a piece of tape over that part of the secondary,
Again, tape is used to anchor the winding in place.

The oscillator coil is treated in much the same way as the aerial coil,
bearing in mind that the frequency stability of the oscillator largely
depends on this coil. It should therefore be wound firmly and finished
in a workmanlike manner. The larger (primary) winding consists of
60 turns centre tapped, of 28 SWG enamel wire. The tap on the coil
may be effected in a number of ways. One simple method is to scrape
the enamel from about 1/8-in of the wire at the tapping p oint.
Another short piece of the same wire is soldered on to act as a lead.
To avoid a short circuit, a small piece of adhesive tape should be
placed under that tum at the tap. The secondary winding of 10 turns

" of 28 SWG enamel is wound over the “‘earthy” end of the primary

- (that bypassed by the .01uF capacitor).

To ensure that the windings stay firmly intact, they should now be
given a coat of cellulose lacquer or other suitable material. When

dry, the leads should be terminated such that when the coil is fitted to
the vero board, the pins correspond with the relevant parts of the
circuit. This is shown in the diagram,

As the board was made to accommodate Neosid coil formers, we
found it desirable to use an IF transformer as output, some care is
needed in fitting this transformer. The following fitting procedure is
suggested.

Bend each of the four pins over so that they lie across the corners

of the can, Then the pins are bent in dog-leg fashion such that they .
will enter the four holes in the printed board. The can mounting lugs
must also be bent inwards and in a similar manner so that they will

ilso pass through the respective holes in the board. This done, the can
may be mounted—-but care must be taken to ensure that it is orientated
correctly, according to the code on the circuit and that moulded
adjacent to the pins.

As we mentioned earlier, the dial we used is no longer made but if

you have one on hand, then it may be used, as the mounting holes
temain the same, Alternatively, the new dial may be used as suggested,
or you may make your own arrangements as you see fit, possibly by
still making use of the dual ratio dial drive by Jackson Bros,

The complete dial assembly is supplied with a scale, having in
addition to a 0-100 logging scale four blank ranges which may be
calibrated according to actual needs. However, calibration of this
sonverter may present problems to those readers who do not have
any instruments for calibrating. To get around this problem, we are
making scales available which are ready calibrated from 2-6.5Hz.
Itis then only necessary to identify a signal of known frequency
towards each end of the scale and make adjustments which will be
Jescribed later on.
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Having completed the mechanical work, the converter is ready to be
put into operation. Quite a number of items must be considreed here.
We will assume that you have a suitable broadcast receiver into which
to feed the converter, A source of 9 volts DC at a couple of milliamps
should also be available. Ideally, if the receiver has a suitable supply,
then the converter may share it. On the other hand, a separate 9V
battery may be used just as well. We will also assume at this stage
that there is a suitable aerial,

Connect the converter to the receiver, a suitable source of power and
an aerial. Assuming that no signal generator is available, set the
receiver to 1500Hz on the dial before connecting the converter. Switch
on the converter and tune in any station that may be audible, adjusting
the slug in the output transformer for maximum response. This tunes
the transformer to the IF of 1500kHz.

Now tune to a signal towards the low frequency end of the dial and one
whose frequency is known. Having tuned the station, more than likely
it will not be in the right place on the dial. In this case retune the dial
to the correct frequency and adjust the slug in the oscillator coil until
the station is again being received.

Now tune a station of known frequency towards the high frequency
end of the dial. Once again, having tuned in the reference station, it is
not likely to be in its correct position. Set the pointer to the correct
point and adjust the trimmer on the oscillator section of the gang
until the station is retuned. As always, when aligning a superhet
receiver, this process must be repeated several times until the stations
are set at the correct points at each end of the dial respectively. The
slug is used for the low end, and the trimmer for the high end.

Each time the oscillator coil slug or trimmer is adjusted, the slug or
trimmer on the aerial coil should also be adjusted.

If you have a signal generator or you have access to one, then the
process of alignment is made that much easier, but the principles

are the same. With an accurately calibrated signal generator, you may
also calibrate your own dial scale,

If a signal generator is not available, there are some readily identifiable
stations which can provide reference points.

The US standard stations, WWV and WWVH both radiate on 2.5MHz,
24 hours a day. In most cases they should be audible during the hours
of darkness,

There may be instances where a reader is located close to one of the
stations on the suggested IF of 1500kHz, possibly resuiting in break-
through. A way out of this problem is to retune the broadcast receiver
away just far enough to avoid this problem. It will be necessary to
return the output transformer to the new frequency. In an extreme case
it may even be necessary to tune slightly higher than 1600kHz, but this
is hardly likely. Furthermore, it would reintroduce the spurious signal
just above 2MHz, as well as changing the dial callibrations somewhat.

30



THE SINFO CODE
S Signal strength 1 Barelyaudible 4 Good
. 2 Poor % Bxcellent
3 Falr ’
1 Interference (QRM) 1 Extreme 4 glght
2  Severe 5 Nil
3 Moderate ;
N Noise (QRN) 1 Extreme 4 Signt
2 Severe § NI
. 3  Moderate
F Fading 1  Extreme 4  Slight
2  Severe 5 Nil
3  Moderate
O Overall rating 1 Unusable 4 Good
2  Poor 5 Excellent
3 Falr

THE SINPFEMO CODE

8 Signal Strength 1  Barely audible 4 Good
2 Poor 5 Excellent
3 Fair
1 Interference (QRM) 1 Extreme 4 Slight
2 Severe g Ml
3  Moderate
N Noise (QRN} 1  Extreme 4  Slight
2 Severe 5 Ni
3 Moderate
P Propagation 1 Extreme 4  Slight
Disturbance 2 Severe 5 Nil
3 Moderate
F Frequency of Fading 1 Very fast 4 'Slow
2 Fast 5 NiI
3 Moderate
E Modulation Quality 1  Very poor 4 Good
2 Poor b  Excellent
3  Fair
M Modulation Depth 1  Continuously over-modulated
2 Poor or nil
3  Fair
4  Good
5 Maximum
(o} Qver-all Rating 1  Unusable 4  Good
2 Poor 5 Excellent
3  Fair

Providing that you have a broadcast receiver of reasonably good
sensitivity and a good aerial system, this simple converter is capable of
giving a good account of itself.

Sy
A point which must be considered however, is the situation where the

broadcast receiver to be used is fitted with a ferrite rod aerial. Many
receivers are likely to come under this category, but if there is pro-
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vision for an external aerial then there is no problem of coupling it from
the converter, At the same time, many receivers do not have provision
for an external aerial and it becomes necessary to gain access to the rod
to add a coupling winding.

About threedturns of light hookup wire should be wound over the earthy
end of the coil on the rod. Tape the winding in place and connect the
end nearest the earthy end of the main winding to some convenient eart
point. The other end goes to the centre conductor of the coax from the
converter, while the shield braid of the coax goes to the same earth point
used for the earthy end of the added winding.

When using converters with ferrite rod aerials, there is a potential prob-
lem caused by the fact that the rod continues to pick up broadcast
stations, regardless of the fact that the converter is connected to it.
This can cause interference, particulasly at night.

s.iwuld trouble be experienced, then the receiver may be retuned
slightly.

PARTS LIST

1 Chassis-panel, 6 %in long x 5%in high x 5in deep

1 Cabinet to suit

1 Dial assembly

1 Flexible coupling, %in x %in

I Miniature toggle switch, 3-pole, 2-position

2 Terminals, I-red, 1-black

4 Rubber feet

1 Rubber grommet for coax cable

6 Spacers, %in long x %in diameter, tapped 1/8in Whitworth
1 Printed board, 6in x 3in, 73/3c¢ -

1 Aerial coil, 2 to 6MHz

2 Neosid coil formers, 7.6mm x 2.5mm with grade 900 slug can
1 Transistor, 2N5485, MPF 106 or similar

1 Transistor, BF'115, or similar

RESISTORS (%W) 1 100pF 630V polystyrene

1 100 ohms 14.7k 1 415pF 2-gang variable

13.3k 115k 1470pF 630V polystyrene

13.9 122k 1.001uF 100V polyester {or polystyrene)
1.01uF 100V polyester

CAPACITORS 1 0.1uF 25V ceramic

1 10pF NPO ceramic
1 12pF NPO ceramic MISCELLANEOUS
1 39pF NPO ceramic Hookup wire, 2ft coax cable, solder, screws

2 60pF Philips trimmers

Note: Resistor wattage ratings and capacitor voltage ratings are those
used for our prototype. Components with higher ratings may generally
be used providing they are physically compatible, Components with
lower ratings may also be used in some cases, providing the ratings are
not exceeded,
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THE HOMODYNE TUNER: ANOTHER APPROACH

Due to problems with supplies of suitable ICs for the homo-
dyne tuner, the author has developed an alternative version.
Although simpler than the original, it will be of interest to
many readers, particularly those who are experimentally
inclined.

Previously the author discussed the principles of the “homodyne”
method of reception and followed with a practical broadcast band
tuner using ICs. Unfortunately the detector IC specified (the Motorola
MC1330P) is temporarily out of stock.

This situation appears to be part of a general world-wide shortage

of many types of ICs due to a resurgence in the electronics industry.
As there is no direct substitute for MC1330P available and because
of an apparent ready demand from hobbyists for a circuit that can
be assembled using more readily available semiconductors, the

author has developed an alternative version of the Homodyne Tuner
employing field effect transistors in place of ICs.

Although readers are referred to the original articles for detailed
discussion of the basis of design, briefly the operation of this
circuit is as follows:

T! is a junction FET RF stage whose output is coupled in parallel
paths to T3, a product demodulator and T2, the second RF ampli-
fier-limiter. The output of T2 is tuned to the incoming signal but
amplitude variation (i.e., modulation) is limited by the shunt diodes
D1 and D2, giving a carrier of about 1 volt peak-to-peak for injection
to Gate 2 of the dual gate MOSFET demodulator.

The output from the demodulator is a relatively low-level audio
signal which is amplified by transistor T4 before feeding an exter-
nal power amplifier. The emitter circuit of T4 has an adjustable
negative feedback control (P1) which is used to set the audio output
level to the minimum acceptable to the following amplifier.

The printed board layout is to the same dimensions as the IC version
and employs the same tuning unit. Alignment is quite simple, as L1-
C4 determine the tuning range while L2-C9 may be set adequately

by adjusting for best audio quality. It is normal to adjust the trim
capacitors C4 and C9 only, as the permeability tuning unit is s