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SPEECH PROCESSING
PRACTICAL CIRCUIT OF AN EFFICIENT AF CLIPPER

by D.E.Schmitzer, DJ 4 BG

INTRODUCTION

The theoretical considerations for the dimensioning of AF amplitude limiters
( clippers ] having favourable characteristics were covered and certain parts of
the circuit were described in (1). This article is to describe a complete clipper
circuit with practical assembly on a printed circuit board. The circuit com-
bines, in the simplest possible manner, a preamplifier having a bandpass char-
acteristic, a balanced limiter that does not go into saturation and an active
low-pass filter that exhibits a very low overshoot in spite of the steep skirt
of the attenuation curve.

1. THE CIRCUIT AND ITS CHARACTERISTICS

Fig. 1 shows the circuit diagram of the clipper. An integrated circuit type
CA 3046 and two transistors are used. The operating voltage can be in the
range of 9 to 18 V, the current consumption only amounts to approximately
1.7 mA. The maximum gain of 2500 ( 68 dB) is suitable for use with dynamic
microphones whereby a signal-to-noise ratio of over 50 dB is achieved. A li-
mited and filtered output voltage having a peak-to-peak value of 3 V is available
at a source impedance of approx. 50 2.

1.1, PREAMPLIFIER WITH FILTER

Three individual transistor systems of the integrated circuit CA 3046 are used
for the preamplifier and the first low-pass filter. They are designated in Fig. 1
as T1, T 2 and T 3. The microphone signal at connection point Pt 13 is am-
plified in the first two transistors. The signal is then fed to the galvanically
coupled active low-pass filter which suppresses all non-required frequencies
above approximately 3 kHz. The base bias voltage of transistors T 1 and T 2
is taken via the voltage divider comprising R 11 /R 12 from the emitter of trans-
istor T 3. Together with the negative current feed-back of the first two trans-
istors and the mentioned galvanic coupling between transisiors T 2 and T 3, a
very good stabilization of the operating points of these three transistors results.
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Fig. 1: Circuit diagram of the clipper

Fig. 3: Printed circuit board DJ 4 BG 006
with component location plan



The RC link R 1/C 1 suppresses any RF voltages induced into the microphone
cable. The very low capacitance value for the coupling capacitor C 3 of 270 pF
forms, fogether with the connected resistors a low-pass filter that attenuates
frequencies lower than 4 kHz by 6 dB per octave.

The active low-pass filter is formed by the resistors R 7, R 8 and R 9 together
with capacitors C 4, C5 and C 6 and transistor T 3. The dimensioning of such
low-pass filters was given in (2). In addition to this, the coupling capacitors at
the input and output of this circuit ( C 2 and C 8 ) are dimensioned so that fre-
quencies of less than approximately 300 Hz are attenuated. The actual limiter
is therefore fed with a signal whose bandwidth and spectral energy distribution
is most favourably dimensioned for the highest speech intelligibility.

1.2, LIMITER

Transistors T 4 and T 5 form a differential amplifier which operates as a ba-
lanced limiter. Under rest conditions, e.g. without drive, the current flowing
via the emitter resistor R 16 distributes itself equally to the two transistors.
Prerequigite of this is that the two transistors have wvirtually the same char-
acteristics, which is the case with the integrated circuit used, It is therefore
not advisable to use individual transistors for the construction of this clipper.
According to whether a voltage of positive or negative polarity is fed to the
input of the limiter stage ( base of T 4 ), the current distribution will be shifted
in favour of transistor T 4 or T 5. When feeding an alternating voltage to the
base, the current distribution will alter with the frequency of the alternating
voltage, With a signal of 100 mV peak-to-peak or more, transistors T 4 and
T 5 alternately take over the whole current which means that one of the trans-
istors will always be blocked. The current through transistor T 5 and thus the
voltage drop across the collector resistor has more or less a squarewave form.
The input signal is therefore available at resistor R 17 in an amplified and
limited form.

The value of resistor R 17 is sufficiently low ( 10 k€ ) that transistor T 5 also
receives enough collector-emitter voltage when it takes over the whole current
flow, This means that the limiter cannot be saturated. Except for this, the
limiter circuit corresponds to the description given in (1).

1.3. SUBSEQUENT FILTER

The low-pass filter subsequent to the limiter stage suppresses any harmonics
caused during the limiting process that are in excess of approximately 3 kHz.
Since this filter is fed with a squarewave voltage, it should not only exhibit a
steep skirt but also only a small overshoot. Any overshoot condition would
cause overmodulation unless the mean depth of modulation was correspondingly
reduced. Active audio filters exhibiting the required characteristics were de-
scribed in detail in (3) so that they need not be mentioned in detail here,

At the output of the filter ( Pt 1), the limited and filtered audio signal is avail-
able at an amplitude of 3 V peak-to-peak. This means that the modulator, or
a varactor diode for FM, can be directly driven. The input impedance of the
modulator stage connected to the clipper output should be at least 5 kf2. If the
terminating impedance is too low, the output stage of the filter will be over-
loaded. If the clipper output is loaded by a large capacitance - e.g. by a long
gcreened cable - a neutralizing resistor of approx. 100 to 500 §i should be con-
nected in series with the output capacitor C 14. This is necessary because an
emitter follower stage, as used in the filter, tends to oscillate when capacitive-
ly loaded. However, the built-in neutralization formed by the base resistor
R 22 should be sufficient for most applications. =53 =



To conclude the circuit description, Fig, 2 shows the overall frequency response
of the clipper circuit at low levels.
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Fig. 2: Overall frequency response of the clipper
2. CONSTRUCTION

The described clipper is built up on a printed circuit board having the dimen-
sions 90 mm x 65 mm, This printed circuit board, which has been designated
DJ 4 BG 006, is given in Fig. 3, which also shows the corresponding component
location plan. The clipper board can be mounted to a 13-pole connector and

used as a plug-in module. Such connectors are available from the publishers.

2.1, SPECIAL COMPONENTS

T1 - T 5 : integrated circuit CA 3046, manufactured by RCA

T & : BC 108, BC 148, BC 168, BC 183, BC 235, 2 N 3904 or
a similar silicon NPN audio transistor having B ¥ 100
at I, = 2 mA,

T 7 : BC 158, BC 178, BC 213, BC 308, 2 N 3906 or a
similar silicon PNP audio transistor.

3. INSTRUCTIONS FOR OPERATION OF THE CLIPPER
3.1. OPERATING VOLTAGE

The clipper can be operated from DC voltage sources of between 9 and 18 V
by altering the value of resistor R 24. Further modifications are not necessary.
It is only important that the operating voltage of the limiter and preamplifier
stages - that is the voltage measured across capacitor C 15 - is between 8.8
and 9.0 V. This value represents the nominal voltage, e.g. with new batteries
or at the nominal power line voltage. The following table lists the value of
resistor R 24 as a function of the operating voltage:

Uy | 9V | 12V | 13.5V] 18V
R24 | 2200 | 4.7k | 6.8kQ | 15kQ




The power supply voltage for the clipper should be well filtered, but not stabi-
lized. This is especially the case for battery operation. The clipper should be
fed with the same voltage as the modulator and transmitter output stage. This
has the following advantage: When the operating voltage falls, the drive range
of the transmitter and modulator stages will be reduced which means that if
the AF drive remained constant, overmodulation could be caused. However,
since the operating voltage of the clipper is also reduced, the AF output volt-
age of the clipper will also be decreased so that any predetermined drive level
is maintained,

3.2. ALIGNMENT OF THE GAIN

The preamplification of the clipper is adjusted once for the microphone to be
used so that a slight limiting occurs when speaking into the microphone at
normal volume at a distance of 10 to 20 cm. This means that no dynamic com-
pression will occur but only that the highest amplitude peaks will be limited.
This degree of clipping is suitable for communication under low noise operating
conditions; it limits the bandwidth of the signal and ensures that overmodulation
cannot occur, but does not force the receiving station to listen to clipped speech,

Under poor communication conditions, it is then only necessary to speak louder
and/or to speak closer to the microphone in order to obtain compressed speech.
Since this is a natural reflex under poor operating conditions, the operating of
a correctly adjusted clipper is extremely fool-proof.

If the microphone is to be used at greater distances, a microphone transfor-
mer could be used.

4, EDITORIAL NOTE

It has been found that some integrated circuits CA 3046 possess a relatively
high noise level and are therefore not suitable for use in this circuit. The in-
tegrated circuits offered by the publishers have been selected for their low-
noise characteristics.

5. AVAILABLE PARTS

The printed circuit board DJ 4 BG 006, the semiconductors as well as a kit of
parts are available from the publishers or their national representatives.
Please see advertising page.

6. REFERENCES

(1) D.E.Schmitzer: Speech Processing
VHF COMMUNICATIONS 2 (1970), Edition 4, Pages 217-224

(2) D.E.Schmitzer: Active Audio Filters
VHF COMMUNICATIONS 1 (1969), Edition 4, Pages 218-225 + 226-235

(3) D.E.Schmitzer: Steep-skirted Active Audio Filters
VHF COMMUNICATIONS 2 (1970), Edition 4, Pages 210 - 216



DEMANDS MADE ON A BALLOON-CARRIED TRANSLATOR
by D, Vollhardt, DL 3 NQ

INTRODUCTION

The interest shown in our article describing a simple balloon-carried trans-
lator (1) has led to this more extensive description of the German ARTOB
systemn and the experience that has been gained during more than 40 flights
that have been made by them. This article is based on a lecture given by the
author at the North-German VHF meeting in 1970.

The successes and failures encountered during the 40 odd ARTOB flights over
the last few years have allowed a number of primary and secondary demands
to be laid down that are made on a balloon-carried translator and its auxiliary
equipment. The more these demands are realized, the greater will be the effi-
ciency of the system as a whole.

1. GENERAL REQUIREMENTS

The following general demands are valid for balloon-carried translator flights:

1. The longest possible flight at the highest altitude,

2, The translator should possess a very sensitive receiver and powerful trans-
mitter system. The transmission bandwidth should be greater than 200 kHz.

3. It should provide non-fading transmissions, which means that exactly omni-
directional antennas are required.

4, Correct operation of the equipment must be guaranteed at temperatures bet-
ween -40 °C and +30 ©C and during heavy rain. They should not be damaged
by a hard landing.

5. Recovery of the equipment must be guaranteed at all times.

The importance of demand 1. is underlined in Fig. 1 which shows the maxi-
mum coverage attainable at two different altitudes. It can be seen that the
coverage is far greater when the translator is at an altitude of 25 km than at
the lower altitude of only 10 km. The given coverage represents that attainable
under normal conditions at normal antenna heights and does not take any tro-
pospheric effects into consideration. In practice, the coverage is somewhat
greater. In addition to this, the coverage can be slightly shifted when the
balloons are launched from different locations, etc.

It can be seen that it is very important for the translator to be kept above an
altitude of 10 km for the longest possible period. Below this altitude, the cover-
age does not justify the expense of launching such a project. This is the reason
why previously discussed projects, such as the use of aircraft, were not used.

At the moment, it is not possible to couple two balloon-carried translators
( e. g. one in Northern and one in Southern Germany ) to increase the coverage.
The present output power level of the translators and the omni-directional
antennas would not allow low-noise transmissions between these two transla-
tors., The antenna gain and the receive bandwidth of a ground station, which
is dimensioned to receive only one station, results in a system gain of approx.
20 to 30 dB, which would be missing during the transmission from one balloon
to another.
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The question is now how to achieve the longest possible flight at the highest
possible altitude. Fig. 2 shows several typical flight curves for ARTOB flights.

ARTOB flight No. 39 ( May T7th, 1970) is shown in Fig. 2 as a dashed line.
This flight exhibited the highest ascent speed that could be obtained with a well-
filled balloon. The result of this was, however, that the balloon burst before
reaching an altitude of 20 kmn. The equipment falls rapidly after the balloon
bursts - especially when only a small parachute is used - which means that
the flight time above an altitude of 15 kin only amounted to 15 minutes., By
carefully dimensioning the filling and payload, which is only possible under
non-wind conditions on the ground, it is possible for the balloon to start with
only 100 to 200 g of ascent force. It is true that the balloon only rises slowly
and it is endangered by obstacles, however, the balloon will burst far later
due to the reduced pressure inside the balloon. This results in a flight curve
having a useful period of approx. 60 minutes at an altitude above 15 km. The
flight curve of this is given as the continuous curve in Fig. 2. In order to
achieve even longer periods, it is necessary for gas to be released from the
balloon at a certain altitude, It would then be possible to launch a well-filled
balloon which would rapidly obtain a useful height where some of the gas could
be released before bursting so that the ascent is reduced until possibly a vir-
tually stationary condition is achieved. It would then be possible that the balloon
only bursts after a long period at an altitude of approx. 25 km which means
that an operating period of two to four hours could be obtained at an altitude
in excess of 20 km.

The demands 2 and 3 are self-explanatory and need not be mentioned in detail
here, All these demands lead to a number of special demands on the auxiliary
units of the translator,

2. SPECIAL DEMANDS

1. An altimeter is required.

2, Some means of controlling the altitude is very advisable.

3. The weight of the equipment should be as low as possible so that the balloon

need only be filled to a low degree, This reduces the loading on the balloon

envelope and thus delays the time of burst.

A means of direction finding is required to locate the translator during the

flight and on landing. This is to ensure that the equipment can be recovered.

It is extremely important that the approximate landing site is kmown before

landing since it is very difficult to locate the translator after landing at any

considerable distance. This allows the rough location to be established from
where the actual search for the equipment can be made.

5. The antennas should also be able to cope with a hard landing so that the
beacon signal is still radiated effectively after landing and, of course, be-
cause one does not wish to re-construct antennas before each launch.

6. The antennas should be as omni-directional as possible.

7. A certain amount of redundancy should be provided so that the failure of
one part will not cause the whole equipment to fail and, for instance, make
it impossible to recover the equipment. This means that two beacon trans-
mitters should be provided as well as safety circuits for switching to re-
serve circuits should a failure occur,

4
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8.

Since the accuracy of the required distance and direction measurements can
be adversely affected by interference, low-interference channels should be
provided for this purpose.

. Since the prevailing winds in West Germany are westerly, and since we

cannot expect that equipment that flys over the East German border will
be returned, it is very advisable for a separation device to be provided.

10. The power supply for the beacon should have an especially long life so that

it is able to operate for several days during long search sessions.

2,1, ADDITIONAL WISHES WITH RESPECT TO THE AUXILIARY EQUIPMENT

Such equipment is to be covered under this heading that is not absolutely ne-
cessary for the safety of the equipment, but moré to assist the operation and
utilization.

o

s

The equipment should be able to be quickly prepared for the next launch so
that the frequency of launches can be increased. This means that antennas
must be able to stand a hard landing, rechargeable batteries as well as
easily accessible test points for a rapid checking must be provided.

. The measuring systems of the control station on the ground should be easy

to operate, and where possible automatic, since only one person is usually
available. This would include such items as an automatic recorder for the
altitude measurement with injected time markers.

Additional coded information should be transmitted on a certain frequency,
besides the identification ( e.g. ARTOB ), indicating the type of translator
launched. It is then only necessary for interested stations to tune to this
frequency in order to obtain information as to when, in what direction, and
with which translators ( frequencies ) the balloon has been launched. Since
failures can occur on the balloon, egquipment or antennas, it is advisable to
be able to switch this information so that the correct code can be selected
just before take-off.

. It should also be possible to pass on the evaluated position data of the balloon

from the control station to the recovery personnel during the flight, This
information should be given over the beacon transmitter so that the receivers
of the recovery personnel need only be tuned to one beacon frequency, but
are still kept informed regarding the flight and position of the balloon. This
means thal the recovery station only requires a receiver with direction-
finding antenna, and, of course, a vehicle. Under such conditions, it may
be possible to find more volunteers for the recovery. Anyway, this is very
good practice for fox hunts { DF-Events ).

Of course, communication facilities must also exist between the control
station and the recovery personnel after landing. This can be achieved using
shortwave mobile stations since the landing point is not always within the
VHF range of the control station. Of course, il is possible for a number
of VHF stations to relay the information back to the control station.

Due to the fact that the time of launch is not usually known very much in
advance, a powerful two metre SSB station is advisable as well as a station
on one of the shortwave bands who is able to inform interested amateurs
ablut launching plans that are not within the range of the VHI® station. Since
most of the balloons are launched on Sundays, the most favourable sked time
for such transmissions would be Saturday evening or Sunday morning.

-9



3. DETAILS OF THE LATEST ARTOB SYSTEM

The block diagram of a measuring and beacon system that is being tested at
present is shown in Fig. 3. The heart of this system is a AM transmitter
which is followed by a low-pass [ilter so that the harmonics are not introduced
into the 70 cm command receiver. A pulse generator controls electronic switches
which cyelically switch the identification, altitude and type of translator coding
to the modulator of the AM transmitter. The identification is supplied by a
coder, The altitude information is provided by a altitude-dependent audio fre-
quency. The dash information indicates the type of translator.

The automatic run of the beacon signal is as follows:

n 1n

ARTOEB Altitude Tone Dash-Identification Rx "'on

- 205. sl 20s =
A 2: 850 - 1500 Hz

The dash-information is made in A 1. The coding is given in the following table:

Number of dashes Type of translator

1 2m/2m

70 em /2 m

23 em /2 m

12cm /2 m

70em/ 2m + 23 em/2 m

as 5 but with extended flight time
free

=1 N ok W pI

The altitude measuring system actuates a switch at an altitude of 500 m which
switches on the transmitter and receiver { 70 em FM RX ) and the balloon se-
paration unit. These are only required if the equipment is not wirking normally.
This ensures that the transmit-receive link for remote measurements, direction
finding and for command use is in operation and that the balloon separating ex-
plosive is not live on and after landing if it was not used during the flight.

A 20 minute delay circuit switches the beacon transmitter [rom continuous
operation to pulse operation 20 minutes after passing an altitude of 5000 m.
Due to the reduction of the power consumption, it is possible for the beacon
transmitter to be operated for a period of approx. 100 hours.

The voltage stabilizing eircuit should also be mentioned, This circuit is de-
signed to avoid the previous problems where the voltage of nickel cadmium
batteries dropped with falling temperature and caused some difficultics with
the identification.

During the normal, automatic run controlled from the pulse generator, the
command receiver is switched on for a short time during each cycle. If a
signal is then received from the control station, the automatic cycle is broken
until the information has been passed to the recovery personnel. In addition to
this, it is possible to actuate the gas valve and the balloon separation device
via the command receiver. During the remote measurement, the beacon trans-
mitter transmits a measuring tone.

- 10 -
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Finally, Fig. 4 indicates the arrangement of the various units that are attached
below the balloon. The spacing between the individual antennas is very important
in order to achieve a certain amount of decoupling. The clover leafshaped an-
tennas are '"big wheel antennas' as were used during flight No. 39 for 2 m,
70 em and 23 cm. Unfortunately these very effective antennas are not able to
withstand a hard landing. On the other hand, the turn-stile antenna made out
of steel tape used for the beacon is very robust. However, they flatter some-
what during a rapid descent, which causes a certain amount of fading. If, how-
ever, at a later date, the altitude can be controlled with the aid of the gas
valve and the balloon separation device allows accurate landings to be made,
a larger parachute could be used without danger to property on landing. This
could ease the antenna problem to a considerable degree,

To end this description, we would like to mention the translator frequency
ranges that are in use in Germany. These list both the ARTOB ( Northern
Germany ) and BARTOB ( Southern Germany ) frequencies.

ARTOB Translators Ground station to balloon Balloon to ground station
2m/2m 144,08 - 144,12 MHz 145.92 - 145,88 MHz
70 em/2 m 432,0 - 432.3 MHz 145.3 - 145.6 MHz
23 em /2 m 1296.0 - 1296,2 MHz 145,05 - 145,25 MHz
Beacon: 145,728 MHz Temperature beacon: 145.75 MHz * 5 kHz
BARTOE Translators Ground station to balloon Balloon to ground station
2m/2m 144.130 - 144.230 MHz 145.839 - 145,739 MH=z
70 cm/2 m 432,0 - 432.3 MHz 145,2 - 145.5 MHz
2m/70 cm 145.6 MHz 125 kHz 432.5 MHz = #25 kHz

Beacon 1: 145,.6383 : 145.970 MHz
Beacon 2: 145,470 : 145.910 MHz ( Details from DL 7 HR )

4. EDITORIAL NOTES

We have heard from Timo Ekko, OH 1 SM, that similar balloon translators
have also been launched in Finland. These balloons, which have been given the
name [LMARI, have been launched successfully on three occasions. The equip-
ment was constructed by Pauli Téryryla, OH 2 DV, with the assistance of Rolf
Biéchstrém, OH 2 BEW.

ILMARI 1 was launched on 28 May 1967 in the vicinity of Helsinke and was
equipped with a beacon transmitter having an output power of approximately
100 mW on 144 MHz and 432 MHz,

ILMARI 2 was launched on 19 May 1968 from Tampere in Central Finland. The
translator received A 1 and A 3 signals on 432.30 £ 0.1 MHz and retransmitted
them on 145.6 MHz. At the same time, a beacon transmitter was operating on
145.98 MHz. The flight lasted approximately 2 hours. Approximately 12 different
Finnish as well as several Swedish VHF amateurs were able to make contact
via this translator.

- 12 =



ILMARI 3 was launched on 1 June 1969, also launched from Tampere and
equipped with the same translator. However, a far greater number of Finnish
and Swedish stations were able to communicate with each other than was the
case with the second launch. A large number of 80 metre mobile stations as
well as an aircraft equipped with an 80 metre station were used for the re-
covery.

ILMARI 4 was planned to be launched in July 1970. It was planned to carry a
1296.85 MHz translator which was to be transposed to 145.6 MHz. However,
the editors have not received any information as to whether this flight was
successful,

It is felt that if more cooperation was made on an international basis, a great
deal could be done to further this relatively new mode of amateur communication.

ARTOB address: BARTOB address:

Frith Herbst, DL 3 YBA Berndt Berndt Helmke, DL 7 HR
3161 BURGDORF 8051 MINTRACHING 109
Marktstrafle 64 West Germany

West Germany
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: S ® Weighing 25 kg (5 Ibs), it contains 830

pages packed full of up-to-date technical
information

@ Circuits and technology covering the

-
-
.

3 whole range of amateur radio from basic
3 principles to sophisticated SSB and
3 RTTY equipment.

n @ More than 30 years of experience have
I3 gone into the production of this excellent
X handbook

. @® Hard-bound for many years of faithful
i service

3

The RSGB have been forced to increase their prices
due to higher printing and postal charges. The
new prices with elfect [rom March 1st, 1971, are:
RADIO COMMUNICATION HANDBOOK DM 38, --
VHF-UHF-MANUAL . ........... DM 15,20

The Radio Communication Handbook is avai-
lable, from:

UKW-BERICHTE « H. ). Dohlus, DJ 3 QC
Deutsche Bank Erlangen, Konto 476325  D-8520 Erlangen, Glelwitzer Strasse 45
Postscheckkonto Nimberg 304 55 Western Germany

g Al FL

The VHF-UHF Manual is out-of-print at the moment. The reprint of this
manual will not be available until April 1st, 1971. Any order received
previous to this date will be made at the old price.
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AN INEXPENSIVE POWER AMPLIFIER MODULE FOR
200 W PEP ON 144 MHz USING TWO PL 504 TUBES

by V.Thun, DJ 7 ZV

1. INTRODUCTION

At the moment, double tetrodes YL 1060 { QQE 06/40 ) or tubes of the 4 X 150/
250 series are used for 2 metre power amplifier stages when power levels of
150 W PEP or more are required. However, the double tetrodes are very ex-
pensive and the mechanical considerations that must be made when building up
a 4 X 160 PA stage are extensive. In the latter case, it is also necessary to
obtain expensive special sockets and a cooling blower. A further disadvantage
of the 4 X 150 is the high plate voltage required by this tube.

Experiments made by D. Seidel, DJ 1 OP, and the author have shown that a
PEFP output power of 200 W can also be obtained with two PL 504 ( horizontal-
deflection tubes designed for monochrome television receivers ) in push-pull.
PL 505, PL 508 and PL 509 ( horizontal-deflection tubes for colour television
receivers } were not suitable,

A power amplifier equipped with these inexpensive tubes, which are readily
available in Europe, can be operated from a low plate wvoltage of 600 V. Con-
ventional consumer electronic components can be used. However, due to the
relatively low plate dissipation power it is not possible for these tubes to be
run at peak power continuously as in the case of the 4 X 150. This phenomenon
is well known in shortwave SSB transceivers using similar horizontal deflection
tubes. This means that the PA stage is not suitable for operation in the AM
(A3)and FM ( F' 3 ) modes, except when the input power is drastically re-
duced, which is hardly worth while. For amateur SSB operation ( A3j ICAS),
on the other hand, this module represents a very high power output together
with a simple construction.

One disadvantage of the PL 504 PA stage is the relatively low power gain of
approx. 10 - 13 dB when compared with other tubes such as the 4 X 150 with
a power gain of 20 dB. This means that an input power ( PEP ) of 10 - 20 W
must be provided for the control grids of the two PL 504 tubes. This is the
reason why a driver stage equipped with two PL 81 tubes is provided in the
described power amplifier. An amplifier equipped in this manner exhibits a
power gain of approx. 26 dB. This means that the full output power of 200 W
PEP is obtained over the whole 2 metre band with an input drive power of only
0.5 W,

This relatively low drive power can be obtained from a transistorized exciter
equipped with an "Overlay' output transistor. The transmitter concept used by
the author, which has a combination of transistors and tubes, is shown in the
block circuit diagram given in Fig, 1 together with details of the power level
values.
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Four-stage linear amplifier for 144-146 MHz

Mixer
BOmw PEF 05W PEF 10-15W PEP 200W
BF 224 40 230 PL & PL 504 PEP
oder
2 N 3553
BF 224 PL 81 PL S04

& from SSB exciter

Fig. 1: Block diagram of the 2 m SSB transmitter

2, CIRCUIT DESCRIPTION
2.1. TRANSISTOR DRIVER STAGE

The output stage of the previously mentioned transistorized exciter is now to
be described. The circuit diagram is given in Fig. 2. The author used the
"Overlay" transistor 2 N 3553 of RCA, however, type 40290 is even more suit-
able for operation from an operating voltage of only 13.5 V. The final amplifier
operates in a stabilized class A condition, where its operating point is deter-
mined by a 2 N 3702 transistor. The 2 N 3702 transistor is a silicon PNP trans-
istor manufactured by Texas Instruments, The operating point of this transistor
and thus the operating point of the output transistor is adjusted with the 1 kQ-
potentiometer. The lower the ( positive ) voltage on the wiper, the higher is
the current passed by the transistors. One contact of the transmit-receive relay
separates the potentiometer from ground so that the base voltage is increased
to 13.5 V where both stages will be blocked. The RF transistor must be pro-
vided with cooling fins. It is also advisable to provide a brass screening panel
through which only the base lead is fed into the front chamber. The emitter
connection should be soldered to the base circuit ground a maximum of 2 mm
below the transistor case. The base connection should also be kept short be-
cause such RF power transistors exhibit a very low input impedance. FXC is
a wideband ferroxcube choke ( e.g. 4312 020 36701 of Philips ).

3-20p

1eL - 146 MH2
05w PEP

40 290
(2 N3553) 27p

\H\‘\-\.
Ferrite choke

47n

-

DJ 72V

Fig. 2:
150m A Transistor linear amplifier
4135V

Transmit 43k

i F8



2.2. TWO-S5TAGE POWER AMPLIFIER

The tubed two-stage linear amplifier for an output power of 200 W PEP can be
fully driven by the previously described transistor amplifier. If a 85B trans-
mitter having a PEP output power of approx. 20 W is available, the power
amplifier can be operated without the driver stage. When driving the two PL 504
tubes with a power of 8 W PEP, an output power of approximately 150 W PEP
will be obtained. The circuit of the two-stage power amplifier is shown in Fig. 3.

2.2.1. DRIVER STAGE

The inductivity of the input coupling L 1 is brought into series resonance at
145 MHz with the aid of trimmer capacitor C 1, The grid circuit of the push-
pull driver stage operates with trimmer capacitors C 2 and C 3 in series with
the tube input capacitances; the grid bias voltage is fed via resistors R 1 and
R 2. The screen grids are connected together, by-passed and fed with a sta-
bilized voltage of 150 V. The push-pull plate circuit with trimmer capacitor
C 8 and inductance L 3 is connected to the plates via a short piece of flexible
wire.

2.2.2. POWER AMPLIFIER STAGE

The output power of the driver stage is fed to the grid circuit of the final
amplifier via a coupling link comprising inductances L 4 and L 5, using the
variable capacitor C 10 to bring the circuit to series resonance. Due to the
high RF voltages at this point, the grid bias voltage is fed via RF chokes
({Ch 2 and Ch 3). The screen grid connections are connected together and
provided with an unstabilized, but low-impedance voltage of 300 V. This voltage
also feeds the plates of the driver stage.

The plate circuit of the power amplifier is in the form of a A/4 Lecher-line
that is shortened by the push-pull output capacitance of the tubes. The connec-
tion to the plates is made by a short piece of flexible wire in order to avoid
mechanical tensioning due to heat-expansion or contraction from reaching the
tubes, and to facilitate tube replacement. The telescopic form of the Lecher-
line allows it to be tuned for resonance.

The plate voltage of approx. 600 V is fed to the tubes via the high-voltage
feed-through capacitor C 18, a piece of flexible wire, and the ferroxcube choke
Ch 4. In the author:s prototype, however, a simple feed-through was used to-
gether with a high-voltage capacitor instead of the feedthrough capacitor.

The output coupling link, made from a well-insulated, thick copper wire, is
spaced only a few millimetres from the Lecher-circuit. The inductivity of the
output link is brought to series resonance at 145 MHz using the wvariable capa-
citor C 17. This results in a very low loss and allows any possible slightly
reactive components of the terminating impedance ( antenna ) to be compensated
so that the dip in the plate current coincides with the point of maximum output
power. The degree of coupling is varied by altering the distance between the
coupling link and the Lecher-circuit.

All resonant circuits of the two-stage final amplifier need only be aligned to
the centre of the band during the initial tune-up. The output coupling also only
needs to be aligned for optimum on one occasgion. Since the drive power is
sufficient, it ig only necessary for the drive of the driver stage to be adjusted
to the maximum permissible value on changing the frequency. Variable capa-
citor C 10 need not be wvaried.
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2.3. POWER SUPPLY
2.3.1. PROTECTIVE CIRCUIT AND ISOLATING TRANSFORMER

The power supply built into the two stage final amplifier does not use a trans-
former; the required higher voltage is obtained by voltage doubling. This means
that a protective circuit must be provided which only allows the power supply
to be switched on when the power line lead carrying the highest voltage to ground
is connected to the PH. (phase) connection and the protective ground connection
to MP. ( middlepoint ). This is made using relay Rel. 3. If the connection is
correct, relay Rel. 1 will be actuated and it will be possible for the final am-
plifier to be switched on with the aid of swiich S 2. If this is not the case,
the switch will be non-effective.

In Germany and in a number of other countries, the electrical authorities re-
quire a galvanic isolation of the consumer from the power line. This means
that radio amateurs of these countries must provide an isolating transformer
in front of the power supply. Of course the protection circuit will then no longer
be required. This transformer is shown in the circuit diagram given in Fig. 3.
The primary of this isolating transformer can, of course, be dimensioned for
an input voltage of 115 V which makes it suitable for operation in North America
and in other areas where a power line voltage of 220 V is not available.

2.3.2, TUBE HEATING

Since series-heated tubes are used, it is advisable for the heater circuit to
be built up in a similar manner to that found in television receivers. Since the
series-connected heaters of these 4 tubes require an effective AC voltage of
approx. 97 V, some form of voltage-dropping must be provided. A capacitive
and thus low-loss means of dropping the wvoltage is used.

The capacitance of the dropper resistance is calculated for 50 Hz in the follow-
ing manner:

U, in V = total heater

¢ voltage ( 97 V)
Usg 1r in A = series-heater
Ry = Tt current (0.3 A)

R[ in £1 = resistance of the
heater circuit

C inuF = capacitive dropp-
ing resistance

In the case in question, the value for C 21 was found to be 4.8 uF. The se-
lected value of 4.5 uF can also be used on 60 Hz networks. The capacitor must,
of course, be uni-polar and be dimensioned for at least 220 V., If a driver
stage is not to be included, the heater of the PL 81 tube should be replaced
by a 50 /7 W resistor in order to ensure that the grid bias voltage is sufficient.
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2.3.3. GRID BIAS VOLTAGE

Since no more than - 100 V are required as grid bias voltage, it is quite fa-
vourable to use the 97 V heater voltage dropped by C 21. The additional loading
is negligible. The bias voltage source can be of high impedance because no
grid currents are exhibited. The grid bias circuit consists of a halfwave rec-
tifier ( diode D 2 ), a simple RC-filter link ( R 8, C 24 ), and two trimmer po-
tentiometers ( P 1 and P 2 ) for tapping off the two different voltages. The relay
contact rel 2 of the transmit-receive relay Rel. 2 isolates the potentiometer
from ground in the receive mode so that the bias voltage increases to a peak
value of over 100 V which blocks the tubes.

If the tube heating circuit is broken, the negative-bias voltage will increase to
approx. 300 V. IFor this reason, diode D 2 and capacitors C 23 and C 24 are,
for safety redsons, dimensioned for this voltage.

2.3.4. 300V PLATE VOLTAGE, 150 V STABILIZED VOLTAGE

The driver stage requires a plate voltage of 300 V which is also used as the
screen grid supply for the final amplifier. This voltage is obtained from the
power line voltage by half wave rectification using diode D 5. An RC link com-
prising resistor R 6 and capacitor C 22 ensures that high-frequency voltage
peaks that sometimes occur on the power line voltage do not reach the power
supply. The [ilter capacitor C 27, which is provided with a discharge resistor
( R 11 ), filters the voltage. Resistor R 12 serves as a fuse. Its rating is so
low that it blows virtually immediately under short circuit conditions which
causes the voltage supply to be broken. This happens so quickly that the tubes,
diodes and power line fuse are not affected.

The stabilized voltage of 150 V required for the sereen grid of the driver stage
is obtained from a neon stabilizer tube OA 2. This voltage is taken via the
dropper resistor R 15 from the plate voltage of 300 V.

2.3.5. 600 V PLATE VOLTAGE

The plate voltage of 600 V, required for the final amplifier, is obtained by
voltage doubling from the power line voltage using capacitor C 25 and diodes
D 3 and D 4. The RF-filter link R 6/C 22 is also effective here. The filtering
is made by the series-connected capacitors C 26 and C 27. The parallel-con-
nected resistors equalize the leakage currents and discharge the capacitors
after switching off.

A protective resistor is also used in the 600 V link as a fuse ( R 16 ).

2.4. METERING

Two meters are used: One in the plate current path of the power amplifier -
that has been shunted for a full scale deflection of 800 mA - and one that has
been shunted for 250 mA for the plate current of the driver stage and the screen
grid current of the power amplifier, If the latter meter should indicate a very
high current, this will indicate that the power amplifier stage is not provided
with plate voltage but only with screen grid voltage.

The power amplifier meter is protected by two further resistors ( R 18, R 19)
from the high voltage which could momentarily appear across the shunt resistor
under short circuit conditions. The values of these resistors depend on the
sensitivity and resistance of the meter.
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2.5. RELAYS

Three relays are used in addition to the relay for the protection circuit: Relay
Rel. 2 as transmit-receive relay for the voltages in the transmitter, relay
Rel. 3 as antenna relay and Rel. 4 to short the input of the receiver whilst
transmitting. Relay Rel. 4 is accommodated in the power amplifier stage near
to the coaxial socket for the receiver. All three relay solenoids are connected
in series. The relays used by the author require a total of approx. 120 V which
is obtained from the plate voltage of 300 V using a voltage divider comprising
R 13 and R 14. The transmit-receive switch is a contact ( or a switching trans-
istor ) in the VOX circuit of the exciter.

3. MECHANICAL ASSEMELY

The two-stage linear amplifier is combined with the power supply to form one
unit; however, the isolating transformer is not included. The dimensions of the
linear amplifier only amount to 250 mm by 150 mm by 120 mm. Figures 4 to 7
allow an impression to be gained regarding the construction. The assembly is
made in a conventional manner on an aluminium chassis; the screening panels
are screwed into place.

Figure 8 shows the arrangement of the chassis pieces. The whole power supply
( without isolating transformer ) is accommodated on chassis part A. The me-
chanical assembly of the power supply need not be described because it is
dependent on the mounting and connection material available. However, Fig, 7
allows a general impression to be gained. The only impeortant point is to ensure
that capacitors C 21, C 23, C 24, C 25 and C 26 are insulated from the chassis
and further insulated so that they do not represent a shock hazard.

The chassis parts B, C, and D ( Fig. 10, 11 and 12 ) are screwed onto the top
of part A where they represent screening panels and part of the cabinet respec-
tively.

The tube sockets with most of the RF circuitry are located on boards 1 and 2.
The location of the boards is given in Fig. 8; the dimensions and required holes
in Figures 13 and 14. The boards are made from single-coated PC-board ma-
terial and arranged so that the coated side is on the same side as the socket
connections. The copper-coating can therefore be used as the ground area to
which the individual ground connections can be soldered. The mounting brackets
( Fig. 15 ) are soldered onto the boards so that the latter can be screwed onto
the chassis parts A to D and soldered together.

3.1. CHASSIS PART A

The assembly is commenced by making the holes given in Fig. 8. This ensures
that the holes for the other chassis parts are accessible and not blocked after
installing the power supply underneath chassis part A. No holes are given for
mounting the power supply components, since this depends greatly on the avail-
able components and mounting facilities.
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3.2. CHASSIS PARTS B, C, D

These chassis parts are prepared as shown in Figures 10, 11 and 12. The
variable capacitors C 10 and C 17 are built onto chassis part B. Three coaxial
sockets and a control voltage socket for the relay voltage are provided on Part
D. Besides the mounting holes, chassis part C only receives a large hole through
which the coaxial cable is run. This cable will then connect the output coupling
link to the antenna relay Rel. 3.

3.3. BOARD 1

This single-coated, un-etched printed circuit board accommodates the compo-
nents for the driver stage. It is drilled according to Fig. 13. The ceramic
noval-sockets ( for PC-board mounting ) are now soldered into place on the
copper-coating with the bent cathode and grid 3 contacts so that the control
grid connections point to the positions shown in Fig. 13. The screen grid con-
nections are all joined together. The centre of the screen grid connection is
connected via the bypass capacitor C 5 to the copper-coating.

Whereas the grid circuit is mounted onto the grid connections with the spindle
trimmers, the plate circuit is built up on a small board in the vicinity of va-
riable capacitor C 10. The additional board, which can be seen in Figures 5
and 6, is soldered onto board 2,

3.4, BOARD 2

This board should be prepared according to Fig, 14 and the ceramic magnoval
sockets ( for PC-board mounting ) soldered into place so that the two control
grid connections are at the same level and point in an upward direction. The
socket is soldered into place with connections 3 and 8 ( cathode and grid 3)
which are bent outwards and connected together with 2 mm dia. wire. Connection
9 of both sockets should be shortened as far as possible. The two conirol grid
connections of each socket are joined together. The stator connections of the
spindle trimmers C 11 and C 12 are connected to the common grid connection
with the hexagonal portion pointing in an upward direction. The grid inductance
L 6 is soldered between the two rotor connections. Chokes Ch 2 and Ch 3 are
also mounted using short connections.

3.5. LECHER-LINE CIRCUIT AND OUTPUT COUPLING

Fig. 16 shows the individual parts of the Lecher-circuit and the output coupling
link fo the linear amplifier. The two telescopic pieces of the Lecher-circuit
must have a good contact to another. This can be ensured by sawing the end
of the tube 4 to 6 times and pressing it together or by soldering on a spring-
loaded contact; such spring-contacts are often to be found in old microwave
equipment. e.g. as the cathode contact for a 2 C 39 tube.

The thin tubes of the Lecher-circuit are soldered onto two ceramic supports
so that they are spaced 24 mm from the chassis. The flexible leads for con-
nection of the tube plates are also soldered to these supports. Since the tubes
will get very hot, attention should be paid to ensure that a very good contact
is made to the plates. If necessary, the connection caps should firstly be de-
pressed and then soldered onto the tubes.
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3.6. RELAYS

The relay Rel. 3 and Rel. 4 are accommodated in the space between chassis
parts C and D. Relay Rel. 4 is used to short the receiver input so that the
limited coupling attenuation of the antenna relay Rel. 3 does not endanger the
receiver input. The type of relay used for Rel. 4 is not critical. Conventional
relay types or a reed-contact relay as described in (1) can be used.

It is recommended that the transmit and receive path be checked using a re-
flectometer after connecting the relay.

3.7. CABINET, COOLING

The chamber on top of the Lecher-circuit is closed with a brass or aluminium
plate which should be screwed in six positions.

The whole linear amplifier should be covered with perforated aluminium plate
or wire mesh. The high temperature generated in the final amplifier can be
reduced using a small blower. Such a blower is not completely necessary during
pulse-type SSB operation, especially since it has virtually no effect on the
cooling of the anode plate. Even with ambient temperatures of 33 °C, the linear
amplifier was found to operate perfectly without blower, although it became
very hot. A good air circulation should be provided.

3.8 COMPONENTS, COIL DATA

L 1: 3 turns of insulated wire wound onto a 8 mm former, self-supporting
placed into L 2,

L 2: 6 turns of 1.5 mm dia. ( 15 AWG ) wound on a 8 mm former, self-
supporting, coil length 15 mm.

L 3: 3 turns as L 2, 3 mm spacing between turns.
L. 4: 2 turns as L 1, placed between the turns of L 3.
L 5: 3 turns as L 1, placed between the turns of L 6.
L 6: 6 turns as L 2, 1 mm spacing between turns.

PA lecher line: ( Fig. 16 ) 3 x 1.5 sq.mm, 23 mm long at the plate connections;
followed by 45 mm long brass tubes of 4 mm outer diameter finally 50 mm long
brass tubes of 5 mm inner and 6 mm outer diameter with spring loaded contacts
at the front; far end shorted with a copper strip of 12 x 45 x 1 mm.

Output coupling link: 2 mm diameter ( 12 AWG ) insulated copper wire formed
as shown in Fig. 16.

Ch 1: Ferroxcube-wideband choke, e.g. 4312 020 36701 ( Philips )

Ch 2, Ch 3: 15 turns of 0.3 mm ( 29 AWG ) enamelled copper wire wound

onto a resistor of 12 kR2/0.5 W
Ch4, Ch5, Ch6: As Ch1l

R1, R2: 56 kQ

R3 : 1kQ1 W

R 4, R5: According to the voltage and current requirements for relay Rel. 1
R 6 : 3.30Q/4W (or 2 resistors 6.8Q/2W)

RT7 : 5002/0.5W

R 8 : 1k%Y0.5 W



R9, R10, R11: 27 kQ/4 W ( or 2 resistors each of 51 k2/2 W )

R 12 :3.3Q/0.5W

R 13 1 10k2/0.5 W

R 14 : 5.6 kQ/0.5 W

R 15 : 6 kQ/6 W ( from 3 resistors of 18 kQ/ 2 W)
R 16 :182/0.5W

R 17 10,10

R 18, R 19: Protective resistors according to the meter
P1, P2: 25kQ/0.5W lin. trimmer potentiometer
8il: Fuse 1 to 3:3 A, slow blow

Cl, €2, C3: 3 -30pF air-spaced trimmer ( Philips C 005 CA/30 E
or WN 40 163 )

C4, C5: approx. 2 nF ceramic disc capacitors, 500 V

C 6, C7: approx., 2nF feed-through capacitors, screwfitting, 500 V
cs8 ras C1

Gy tas C4

c1l0 : 3 - 20 pF shortwave variable capacitor

C11, C12: as C1

C13, C1l4: ags C 4

C15, C16: as C6

C 17 : 5 - 25 pF shortwave variable capacitor

C 18 : 180 pF' or more, ceramic feed-through capacitor 1.5kV

C 19 : 4 uF /350 V electrolytic capacitor

C 20 tas C6

C 21 : 4,5 uF /350 V metal-paper capacitor

C 22 : 0.5 uF/350 V metal-paper capacitor

C 23, C 24: 2 x 15 uF /350 V, electrolytic capacitor

C 25, C 26, C27: 300 uF /350 V { electrolytic capacitor for television

receivers or photoflash, 2 of 150 uF)
28 ... C 31: approx. 4 uF/100 V

according to the voltage and current requirements of relay Rel. 1
. D5: BY 237, BY 103, 1 N 4007 or other silicon diode for 1 kV/0.8 A

<< TUO 0

1

2

1, v 2: PL 81

3, V4: PL 504. Experience gained in northern Germany has shown that only
those types of PL 504 are suitable that possess a straight
wire to the plate cap.

V5: OA 2, 150 C 2 or similar.

4, PRELIMINARY OPERATION AND ALIGNMENT
4.1. OPERATING VOLTAGES, HEATER CIRCUIT

The first item to be checked is the operation of the incorrect-polarity protection
circuit if an isolation transformer is not to be used.

The non-load voltages of the power supply should now be measured. They should
correspond to the following values:

U =620V U, =310V u. = -100V
a g2 gl
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The grid bias voltage will only obtain this walue if the heater circuit is con-
nected, The series-heater current should be checket at the same time: it should
amount to 300 mA. If the heater current is too small, metal-paper ( MP )
capacitors of 0.1 or 0.25 uF can be connected parallel to C 21,

4.2. ALIGNMENT OF THE DRIVER STAGE

The grid circuit of the driver stage is coarsely tuned by measuring the grid
current of one PL 81 with the heater switched on, but without plate, screen
grid, and control grid bias voltage. In addition to this, the adjusiment of the
coupling inductance L 1 is made for maximum grid current. Trimmer capacitor
C 1 is also aligned for maximum grid current.

Whilst measuring both grid currents, trimmer capacitors C 2 and C 3 should
be carefully altered so that both grid currents are equal. Of course, the re-
sonance condition should be maintained.

Finally, all operating voltages are fed to the driver stage and the plate current
is temporarily increased without drive to 250 mA with the aid of potentiometer
P 1. After this, a quiescent current of 100 mA should be adjusted.

After decreasing the drive power by approx. 20 dB (< 10 mW ) the plate circuit
of the driver stage and the grid circuil of the final amplifier are aligned by
making a grid current measurement of the PA tubes which are only heated and
not provided with any other operating voltage. The coupling links . 4 and L 5
are adjusted for maximum grid current. A resonance condition must be achiev-
able with capacitor C 10.

4.3. ALIGNMENT OF THE FINAL AMPLIFIER

After the grid currents of the final amplifier have been aligned to equal values
by carefully adjusting trimmer capacitors C 11 and C 12, the drive is switched
off and the DC-supply voltages are connected to the final amplifier. With the
aid of potentiometer P 2, the plate current of the final amplifier tubes is mo-
mentarily increased to a value of 400 mA, after which a quiescent current of
75 mA is selected.

At reduced drive, it is now possible for the Lecher-circuit and the output cou-
pling to be tuned for maximum output power. Finally, the final alignment is
made during a very short period of full drive. This PEP-drive condition should
not last longer than 30 to 40 seconds, after which a relatively long cooling
period should be allowed. The tube plates and plate connection will glow red
during this short period.

4.4, NOTES REGARDING THE ALIGNMENT

The following table gives a summary of the adjustment values of the driver
and final amplifier stage:

Driver stage Output stage
Plate voltage 300 V 600 V
Screen grid voltage 150 V 300 V
Plate quiescent current 100 mA 75 mA
Plate current at full drive 250 mA 800 mA
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The plate voltage will fall to approx. 570 V under full drive conditions.

The author measured the following PEP values of the output power as a func-
tion of the plate current of the final amplifier:

I, (mA) Poyt (W)
75 0
100 4
200 16
400 50
800 200

When speaking into the microphone, the ( relative ) indication of the RF output
voltage should fluctuate between 1/3 and 1/2 of the outputs indicated when feed-
ing with a sinusoidal single-tone signal.

If one is able to measure the intermodulation ratio, it is possible for the

operating points to be corrected. In addition to this, the value of the screen-
grid resistor R 3 influences the intermodulation ratio. It is therefore possible
for a more favourable value to be found by measurements in individual cases.

Moreover, when adjusting final amplifier tubes that are not intended by the
manufacturer to operate in class AB;, the following information will be of
interest:

The final amplifier is only driven by the residual carrier and the grid- bias
voltage is reduced ( from the higher value) until only a very slight gain increase
results. To make this measurement, the RF output voltage should be indicated,
for instance using an absorption circuit.

5. NOTES

Since the described plate circuit of the final amplifier is not able to guarantee
a harmonic suppression of 60 dB, a bandpass or low-pass filter, e.g. as given
in (2), should be placed in the antenna feeder.

Moreover, it is only fair that such a high-power final amplifier should be

checked thoroughly with respeet to the intermodulation ratio of the final am-
plifier and the total bandwidth of the exciter signal. A spurious signal that is
not suppressed by at least 60 dB when spaced 20 kHz from the required signal
should not be amplified to 200 W,

6. LITERATURE

(1) E.Berberich: A Coaxial Relay with a High Coupling Attenuation and Good SWR
VHF COMMUNICATIONS 1 (1969), Edition 2, Pages 124-125

(2) H.Dohlus: Coaxial Low-pass Filters for VHF and UHF
VHF COMMUNICATIONS 2 (1970), Edition 3, Pages 166-178
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VARIABLE FREQUENCY OPERATION ON 2 METRES
USING THE VFO OF A SHORTWAVE SSB TRANSMITTER

by F.Boersch, DK 1 YZ

Since it is often the case that a shortwave SSB transmitter is available in
addition to a crystal-controlled VHF transmitter, the author has developed a
simple circuit which allows the variable frequency oscillator of the shortwave
transmitter to be used for feeding the VHF transmitter. This results in vari-
able frequency operation on the 2 metre band, without having to provide a se-
perate VFO for the 2 metre transmitter or to purchase or build a complicated
SSB transverter. The VFO of a modern SSB transmitter is normally very stable.
On the other hand, the required measures to obtain the same frequency stabi-
lity when using a VHF-VFO or to construct a SSB transverter would be more
extensive, This means that the following accessory could be very useful in
achieving this aim: VFO operation on VHF in the most inexpensive and easiest
manner.

1. CIRCUIT DETAILS

The principle of this VFO accessory can be seen from the block diagram given
in Fig. 1. The variable frequency from a SSB transmitter VFO is mixed in a
balanced modulator with the fixed frequency of a crystal oscillator. This is
followed by filtering out the frequency range of 24 - 24.5 MHz which is subse-
quently amplified, The VHF transmitter is equipped with a switch that allows
the ( 8 MHz or 6 MHz ) crystal to be disconnected and the control grid of the
oscillator tube to be connected to a wideband preamplifier. This wideband am-
plifier increases the level of the auxiliary frequency so that it is sufficient to
drive the oscillator tube into class C. The described circuit is based on a
variable frequency oscillator of 5 - 5.5 MHz, as are used in SSB transmitters
equipped with 9 MHz crystal filters., This means that the crystal oscillator must
operate at 19 MHz in order to generate an output frequency of 24.0 - 24.5 MHz.
Of course, other VFO frequencies as well as other crystal-controlled frequen-
cies can be used.

o +12V

VHF transmitter with
I Choke driver

T4
2 N 2926

Crystal osciliator | ing modulator . I .
-245 ooy 2L-26.5

| — i 2%4&; Ampliter MHz ¢« |

2 19 MHz =t [ 1 and filters E—— %

) 19 | 50p B

T MHz T2,13 : 50p

I I '5~5.5 MHz |

pwtvz [ __ .o o . |
L _|

S5

VFD in
shortwave Fig. 1: Block diagram of a converter for VFO control

transmitter
of VHF transmitters.
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15-55 mHzl

Fia. 2: Circuit di
9. CONSTRUCTION ig. Circuit diagram of the VFO converter
Fig. 2 shows the circuit diagram of the converter. The wideband amplifier
stage in the VHF transmitter is no longer given in Fig. 2, because the di-
mensioning depends greatly on the iransmitier used, and, in some cases, it
may be possible for it to be deleted completely.

The printed circuit board DL 7 HR 001 is available from a previous publica-
tion., The crystal oscillator ( T 1) of the original circuit was modified for
19 MHz and the bandpass filter of the amplifier stages (T 2, T 3) were di-
mensioned for a frequency range of 24.0 to 24.5 MHz. In the original descrip-
tion, the balanced mixer and the two-stage amplifier were accommodated on
this board, The use of this PC-board is the reason why germanium transistors
are used; on the other hand, there are no important technical reasons for using
silicon transistors in this application.

The printed circuit board DL 7 HR 001 is given in Fig. 3, as is the corres-
ponding component location plan. A photograph of the converter is given in
Figures 4 and 5.

3. COMPONENTS

T 1: AF 115, AF 135, AF 106, 2 N 1502A

T2, T3: AF 116, AF 137, AF 121, 2 N 370 or similar
T 4: 2 N 2926, BC 108 or similar

D1 to D4: AAZ 14 or 4 x OA 154 Q

All inductances are wound on 7 mm diameter coil formers with 6 mm core,

Wire: enamelled copper wire 0.5 mm diameter ( 24 AWG )

L1: 12 turns L5 L6, L8 L9:15 turns
L 2: 3 turns atthe coldend of L. 1 L 7: 3 turns at the coldend of . 6
L 3: 1 turn at the cold end of L 4 L 10: 3 turns at the cold end of L. 9

L 4: 15 turns

It may be necessary for the resonant circuits comprising inductances L. 5, L 6,
L 8 and L 9 to be damped with 10 k{Z resistors.

4. AVAILABLE PARTS
The printed circuit board DL 7 HR 001, the semiconductors, crystal, a partial
kit and a complete kit are available from the publishers or their national re-

presentatives,
=AY -
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A 70 cm TRANSMITTER WITH VO EXCITER
by E.Berberich, DL 8 ZX

A 70 cm transmitier is to be described that is suitable for both AM and video
transmissions. The exciter of this transmitier is based on a 27 MHz VXO
similar to that described in (1), Such a VXO was found to be extremely fa-
vourable since, firstly, crystals in this frequency range are available inex-
pensively with spacings of 10 kHz and, secondly, because the frequency multi-
plication factor of 16 results in a wide frequency variation range. The block
diagram given in Fig. 1 indicates the frequency processing and other details
of the transmitter line up. The 2 metre band is avoided during the frequency
multiplying process so that no spurious 2 metre signal is present when working
duplex 2 m/70 em or when operating in conjunction with a frequency translator
(e.g. ARTOB or OSCAR 6 ). The last four stages are equipped with tubes; the
power amplifier stage equipped with the EC 8020 is cathode-modulated. The
four-stage transistorized modulator possesses wideband characteristics and can
therefore be used for amateur television transmissions. The video signal is fed
to the modulator via a 4.5 MHz lowpass filter. In the voice mode, the modu-
lator is fed via a two stage preamplifier.

VX0 x4 Buffer x2 x2 GB PA Ant.
27.. MHz »-1108,... MHz 216,.. . MHz |—»={ 433 MHz #1433 MHz L33MHz [0
BF 224 |8F 173 ECC 91 ECC 91 EC 8010 ECB020 |1ow pEP
. . Low|
Video signal o—filter
f=4.5MHz
ATV Mod. 74
~e——{0-L5MHz b
AM T2-T15
Microphone o—— A DL 8 ZX
amplifier

Fig. 1: Block diagram of the 70 cm transmitter for AM and television operation.
1. THE VXO EXCITER

Figure 2 ghows the circuit diagram of the VXO exciter. The oscillator stage
operates in a common-collector configuration at the crystal frequency. The
switchable crystals and the frequency pulling reactance L 4/C 4 are to be found
in the feedback link between the emitter of transistor T 1 and a tap on the
27 MHz resonant circuit comprising L. 1, C1 and C 2, The resonant collector
circuit comprising L 2 and C 5 is tuned to a frequency of 108 MHz, Due to the
large frequency spacing and the very low reactive capacitance of the transistor,
practically no reaction on the base circuit can be observed when tuning the
collector circuit.

The collector cireuit forms a bandpass filter together with the base circuit of
the following stage. The very low reactive transistor T 2 operates as a buffer.
Approximately 250 mV are available at 108 MHz on the 60 @ tap of the collector
resonant circuit,
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15p

DL B ZX

Q1= 27.005 MHz
Q2=27.015 MHz
Q3 = 27.025 MHz
Q4 = 27.035 MHz
Q5 =27.185 MHz (~ 435 MHz . TV

Fig. 2: Circuit diagram of the VXO exciter

This VXO circuit will also be suitable for operation on the 2 metre band if
29 MHz crystals are used and the resonant circuits dimensioned so that the
5th harmonic is selected. However, pulling range and output voltage will be
lower,

Of course, diodes can be used instead of the switch for selecting the crystals.
A suitable circuit was given in (2).

If a varactor diode ( e.g. BA 124 or 1 N 5472 A ) is used instead of the variable
capacitor C 4, it is possible for the transmitter to be used in the FM mode as
described in (3).

1.1. ASSEMBLY OF THE VXO EXCITER

The VXO exciter circuit given in Fig. 2 can be built up on a printed circuit
board with the dimensions 70 mm x 40 mm. Figure 3 shows the printed circuit
board DL 8 ZX 001 together with the component location plan. The printed cir-
cuit board can be enclosed in a metal casing as shown in Figure 4. The band-
pass [ilter comprising inductances L. 2 and L 3 is accommodated in a common
screening can. Inductance L 1 is also screened. Further details of the con-
struction can be seen in Figure 4.

The variable capacitor C 4 and the crystal switch should be connected using
short straight wires to the connection points on the PC board.
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Fig. 4: Photograph of the VXO exciter
1.2. COMPONENTS
T 1: BF 115, BF 224, BF 173
T 2: BF 173, BF 224
L 1: 10 turns of 0,6 mm dia. ( 23 AWG ) silk-covered copper wire on a

L 4:

L 53

All erystals are HC-18/U types.

4.3mm coil former with core, Screening can: 12.5mm x 12,5 mm x 18.5 mm

L 3: 5 turns of 0.8 mm dia. ( 20 AWG ) silver-plated copper wire wound

onto coil formers as for L. 1 with VHF core. Spacing between the
centres of the 2 inductances: 12,5 mm

screening can: 25 mm x 12,5 mm x 18 mm

15 turns of 0.25 mm dia. ( 30 AWG ) silk-covered copper wire on a
coil former and core as for L 1.

6.5 turns, wire, coil former and core as for L 2
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Input 71 to antenna

VideO  Low-pass filter f=4.5MHz
signal Ln L2

Fig. 5: Circuit diagram of the 70 cm transmitter with modulator and power supply, excluding exciter
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1.3. ALIGNMENT OF THE VX0 EXCITER

The inductances 1. 2 and L. 3 are preliminary aligned in their unsecreened con-
dition to 108 MHz with the aid of a dipmeter. The cores should be inserted by
approximately half. The operating voltage should be connected so that the trans-
istor capacitances attain their operative values. After the preliminary alignment
has been carried out, the screening can should be mounted into place. Induct-
ance I. 1 can now be preliminary aligned. The final alignment is made for
maximum output voltage. The frequency variation range at 432 MHz amounts
to approximately 100 kHz for each crystal.If the previously mentioned frequency
modulation attachment is to be used, this can be adjusted by monitoring the
signal on a VHIE-F'M receiver tuned to 108 MHz.

3. FREQUENCY MULTIPLIER, POWER AMPLIFIER, MODULATOR

Figure 5 shows the circuit diagram of the 70 cm transmitter with modulator
and power supply. The 108 MHz signal from the exciier is fed to connection
point Pt 10 from where it is fed to the two push-push doubler stages ( V1,
V 2 ). These stages are fed in push-pull. The parallel-connected anodes, how-
ever, operate in push-push which means that frequency doubling occurs. The
balance of this arrangement ensures that no uneven harmonics are generated.
The subsequent driver and power amplifier stages are equipped with modern,
high-gain triodes, A bandpass filter is provided between all stages; the cathode
circuits of the last two stages are series resonant circuits comprising a cou-
pling link and a trimmer capacitor.

The amplitude modulation is made by driving the transistor T 15 which repre-
sents the cathode resistor in this circuit. The operating point is adjusted with
the aid of the base resistor.

The modulator transistor T 15 is fed via the driver transistor T 14 from a
differential amplifier comprising transistors T 12 and T 13, If transistor T 12
is fed with the video signal, no phase reversal will take place, whereby when
driving transistor T 13, a phase reversal ( and 6 dB gain ) will result. Accord-
ing to the polarity of the output voltage from the television camera, the TV/AM
switch should be connected to either T 13 or T 12, The 6 pF capacitor for treble
lift iz soldered to the base of the non-driven transistor.

The power supply provides two DC voltages in addition to the heater voltage:
approximately 300 V for the power amplifier stage and approximately 150 V for
the frequency multiplier and driver stages. The rectifier arrangement operates
as a bridge circuit for the 300 V supply, whereas the 150 V voltage is obtained
in a push-pull rectifier circuit using the two diodes whose anodes are grounded.
The transistorized stages and the VXO exciter are fed from a stabilized 12 V
voltage source,A 12 Vzener diode protects transistorT 15 from excess voltages.

[ ¢ p Lt :

Fig. 7: Lower view of the 70 cm transmitter
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Fig. 8: Dimensional drawing of the 70 cm transmitter

2.1. ASSEMBLY OF THE TRANSMITTER

The RF portion of the transmitter comprising the four tubed stages is built up
on a chassis measuring 200 m long; 30 mm wide and 35 mm high. The chassis
can be made out of brass plate or copper-coated PC-board material. The photo-
graphs IYig. 6 and 7 showing the author’s prototype and the dimensional drawirg
given in Fig, 8, provide details as to construction. Screening panels are mount-
ed across the tube bases of the two 433 MHz amplifier stages V 3 and V 4, All
trimmer capacitors are aligned from above. All feed-through capacitors are
located on one side. The inductances L 1/1. 2, 1.3 and L 4 are accommodated
on coil formers; inductances L 5 to L 8 are self-supporting, L 9 and L 10 are
resonant line circuits. The tube bases are mounted by soldering their cathode
(V1, V2) or grid connections ( V3, V4 ) to the ground surface and flixing
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with dual-component adhesive. Tubes V 2 and V 3 are provided with screening
cans that are made out of thin tin or copper plate and connected by two short
pieces of thick wire to the ground surface. The feed-through capacitors repre-
sent connection points Pt 11 to Pt 18, The modulator, lowpass filter and power
supply are built up in a conventional manner and connected to these points. The
wideband modulator should be well screened in order to avoid RF injection.
Transistor T 15 should be provided with cooling fins.

2.2, SPECIAL COMPONENTS

V1, V2: ECC91, 6 J6; V3: EC8010; V 4: EC 8020;

T 10, T 11: BC 108, BC 183, 2 N 3903 or similar silicon AF types
T 12, T 13: BF 115 ( possibly also BF 224, BF 173)

T 14 : 2N 1613, 2 N 2219, BSY 84

T15 : BC 160, 2 N 3502, 2 N 2905 A (silicon PNP, Ic max = 0.6 A)

D 1o : ZD 12 or BZY 92/C 12 ( 12 V/1 W zener diode )

L. 1: 2 turns of insulated copper wire wound onto L 2

L 2: 8 turns of 0.8 mm dia. ( 20 AWG ) silver-plated copper wire wound onto
a 6 mm dia. coil former, close wound, with VHF core.

L 3: 3 turns of 1.2 mm dia, ( 17 AWG ) silver-plated copper wire wound onto
a coil former with core as for L 2.

L 4: 4 turns with centre tap, otherwise as L 3

L 5: 3 turns of 1.2 mm dia. ( 17 AWG ) silver-plated copper wire wound onto
a 6 mm former, self-supporting

I.6: 1 turn of 0.8 mm dia. ( 20 AWG ) insulated copper wire,
same direction as L 5,spaced 3 mm from hot end.

L17: as L5 S —

L 8: as L 6, in the same axisas L 7 ¥ ¥

L 9: 90 mm long piece of 1.2 mm ( 17 AWG)) 20 L9
or thicker silver-plated copper wire, ¥

bent according to sketch.
L 10: Wire as for L 9, 30 mm long, spaced approx, 5 mm from L 9
L 11, L 12: 23 turns of 0.25 mm dia, ( 30 AWG ) silk-covered copper wire
close wound onto a 4.3 mm coil former with core.

Ch 1, Ch 3: Ferroxcube wideband chokes ( Philips 4312 020 36701 )

Ch 2, Ch4 to Ch7: A/4 chokes of 0.5 mm dia. ( 24 AWG ), 17 em long, wound
on a 5 mm former, close wound, self-supporting.

C3to C8: 0.6-5.1pF ceramic tubular trimmers ( Philips 2222 802 96067 )

3. AVAIIA BLE COMPONENTS

The P.C. board DL 8 ZX 001 and various componentg are available from the
publishers or their national representatives., Please see advertising pages.
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(1) K.P.Timmann: Variable Frequency Crystal Oscillator ( VXO)
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A SIMPLE METHOD OF MEASURING THE FREQUENCY DEVIATION
by C.Grey, VE 2 AQX

Whereas the method of measuring the modulation depth of amplitude modulation
( AM ) with the aid of an audio generator and an oscilloscope is well known by
most amateurs, a simple method of measuring the frequency deviation of fre-
quency modulation ( M ) is virtually unknown. For this reason, such a method
is most certainly of great interest to VHF-UHF amateurs since FM is gaining
popularity, especially on the UHF bands.

1. FREQUENCY MODULATION

The radiated RF energy remains constant in the F'M mode whereas the frequency
is varied in step with the modulating audio frequency. At a modulating frequency
of 1 kHz, the transmitted frequency varies around the mean frequency ( unmo-
dulated carrier frequency ) 1000 times per second to the value of the frequency
deviation.

The frequency spectrum of an FM signal modulated with a sinusoidal frequency
can be described in a similar way to AM as a carrier frequency and side
(band) frequencies. The spacing of the side frequencies to another corresponds
to the modulating frequency. Theoretically speaking an infinite number of side
frequencies are generated; the less that are transmitted, the higher will be the
distortion of the modulating frequency. For high-quality I'M transmissions, the
bandwidth must be large enough that all side frequencies are transmitted at a
minimum of 1% of the amplitude, IFor voice transmissions, it is sufficient when
side frequencies of more than 10% of the unmodulated carrier frequency ampli-
tude are radiated ( 1% of the power ) (1). The following relationship is valid
for the required bandwidth B in kHz:

B=2x(D+Ineg)

whereby: D is the maximum frequency deviation in kHz and
fmod is the highest modulating frequency in kHz.

The sum of all power levels of all side frequencies and the carrier frequency
ig the constant transmit power level. The amplitude of each individual side
frequency as well as that of the carrier frequency is dependent on the modu-
lation index M. The dependence can be shown graphically as Bessel functions
as illustrated in Figure 1., The amplitude of the carrier frequency and the [irst
26 side frequencies can be read off as a function of the modulation index M.

Without modulation ( M = 0 ), the carrier frequency possesses the full amplitude
1 whereas all side frequencies have the amplitude 0. On modulating with M = 1,
the amplitude of the carrier frequency will fall to approximately 0,77; the first
side frequency obtains a value of 0,45, the second 0.11 etc. It can be seen that
the carrier frequency amplitude passes zero for the [irst time at M = 2,4.
Alternately the zero passes of the carrier frequency amplitude correspond to
modulation indices of 2.4, 5.5, 8.7 ete, The frequency deviation can be cal-
culated from the modulation index and the known modulating frequency fmpgq in
the following manner: '

D= Mx f 4 (with D and fy,,q in KHz)
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Fig. 1: Graph of the Bessel functions for determining the amplitude A of carrier and side frequencies
as a function of the modulation index M

2, FREQUENCY DEVIATION MEASUREMENT

Practically speaking, the frequency deviation measurement is not as complicated
as it may seem [rom the fundamental considerations of the previous section.
The simplest method is to modulate the transmitter with fi,oq = 1 kHz, A very
narrow band receiver, tuned firstly to the carrier frequency, will indicate an
amplitude minimum when the modulation index is M = 2.4 and thus the frequency
deviation is 2.4 kHz. On increasing the frequency deviation further, a second
amplitude minimum will be observed when M = 5.5 or D = 5.5 kHz is obtained.

The simplest method of making the measurement is to use a receiver equipped
with a CW filter; the S meter can be used for indicating the signal amplitude,
The author used an FM receiver which was equipped with a @ multiplier con-
nected to the IF amplifier. Of course, the Q multiplier was well screened to
avoid RF injection, By increasing the degree of feedback to just before the os-
cillation threshold, the bandwidth is so narrow that practically only the carrier
frequency is passed. A valve voltmeter ( VIVM ) with RF-probe or an oscillos-
cope can be used for indication. No calibration is necessary. It is only impor-
tant that the frequency of transmitter and receiver are stable enough that the
carrier frequency remains within the pass band of the CW filter or @ multi-
plier, In addition to this, the receiver must have such a narrow bandwidth to
ensure that the side frequencies are not evaluated in the indication. If only an
SSB receiver is available ( B = 2.4 kHz ), the modulation frequency can be in-
creased, for instance, to 2.5 kHz. At M = 2.4, D will be 6 kHz and at M = 5,5,
D will be 13.75 kHz,
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Fig- 2: Output voltage of the Q multiplier at the
first zero pass of the carrier. Modulating
frequency 1 kHz, time scale uncalibrated

Fig. 3: Secondzero pass Fig. 4: Third zero pass, X-deflection increased
by factor 2

Figures 2, 3 and 4 show the photographed oscilloscope traces of the Q multi-
plier output voltage at the first, second and third zero pass of the carrier
signal. Practically, this can be carrier out by slowly increasing the low-distor-
tion modulating voltage from zero and measuring the input voltage of the mo-
dulator at each zero pass. If the appropriate frequency deviation is drawn gra-
phically as a function of the audio voltage input to the modulator, it is possible
for the frequency deviation corresponding to a given audio voltage to be read off
directly. If a variable, calibrated audio generator is available, the frequency
deviation can be determined without calculation with the aid of the graph given
in Fig. 5. More accurate and more extensive values are given in the table which
lists those modulating frequencies by which the first and second zero pass of the
carrier voltage will occur for the various frequency deviation values.

First zero pass ( M = 2,4048 ) Second zero pass ( M = 5.5201)
Frequency dev. AF signal Frequency dev, AY signal
in kHz in Hz in kHz in Hz
1 416 5 907
2 831 10 1815
3 1247 15 2718
4 1663 20 3625
5 2079 25 4530
6 2494 30 5430
7 2911 35 6340
8 3326 40 7250
9 3742 45 8160
10 4158 50 9070
15 6237 55 9975
20 B316 60 10880
25 10395 65 11780
30 12480 70 12680
35 14550 75 13590
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Fig. 5: Frequency deviation D as a function of the modulating frequency fmod at the first and
second zero pass of the carrier frequency
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VHF CONGRESS WEINHEIM (W.GERMANY) 1971

We would like to point out that the annual VHF Congress is once again taking
place in Weinheim, near Heidelberg/W.Germany. This year the conference is
to be held on the 18th and 19th of September. It offers continuouslectures by
outstanding European VHF/ UHF/SHF amateurs as well as facilities for discussion
groups on diverse topics appertaining to amateur radio at the higher frequencies.
We extend a cordial welcome to all VHF/UHF amateurs.

SUMMER HOLIDAY

The Publishers and the Material Sales Depariment will be taking their summer
holiday during the month of August 1971. Since we are not able to dispatch
orders or answer queries in this period, some delays could be encountered in
receiving your orders or answers. If you require items within this period, please
order them well before hand.
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A SYNTHESIS VFO FOR 144-146 MHz OR 135-137 MHz
by G.Bergmann, DJ 7 JX and M, Streibel, DJ 5 HD

INTRODUCTION

The following article is to describe a variable frequency oscillator whose fre-
quency is generated according to the frequency synthesis principle by mixing
a variable oscillator frequency with that of a crystal oscillator. The block dia-
gram given in Fig. 1 shows the frequency processing and the stages of the
synthesis VFO, which consists of two modules, One module comprises the var-
iable frequency oscillator of 11 to 13 MHz and a buffer stage, The other module
consists of the crystal oscillator ( 66.5 or 62.0 MHz ), a frequency doubler
stage ( 133 or 124 MHz ), the push-pull mixer stage and an amplifier stage
tuned to the required output frequency range of 144 to 146 MHz or 135 to
137 MHz. A phase reversal stage previous to the mixer and a voltage stabi-
lizer for the power supply of the variable [requency oscillator complete the
second module.

The main consideration during the construction of this synthesis oscillator was
that variable frequency oscillators possess a sufficiently high degree of frequen-
cy stability up to a frequency of approx. 12 MHz without having to provide ex-
tensive measures to achieve this aim, Due fo the frequency conversion with a
crystal-controlled frequency, the frequency stabilily remains practically the
same at the output frequency. However, it is necessary for the crystal and
image frequency to be suppressed by resonant circuits or filters and for the
most favourable dynamic characteristic to be chosen so that the conversion
products falling within the frequency range of interest are kept as low as possi-
ble. With the described oscillator, the combination frequency formed from the
fourth harmonic of the crystal frequency ( 266 MHz ) and the tenth harmonic of
the variable frequency ( 110 - 130 MHz ) is the lowest ordinal number falling
within the 2 metre band. This did not cause any interference in the author’s
case., According to measurements made by the authors, the auxiliary frequency
of 133 MHz is suppressed by more than 60 dB.

The synthesis VFO requires an operating voltage of 12 V. An RF voltage of
approx. 0.4 V at an impedance of 50 €2 is available at the output. This means
that it is suitable for feeding a straight-through, amplitude-modulated trans-
mitter, for example, equipped with the following stages: BF 224 - 2 N 918 -
2 N 3866 - 2 N 3553, Fig. 2 shows the circuit diagram of such a transmitter
ag an example, The previously described transmitters DJ 1 NB 004 (1) and
DL 3 WR 003 (2) can also be used in a similar manner if the initial stages are
modified to 145 MHz.

With an output frequency of 135 to 137 MHz this synthesis VFO allows the two
mixer stages of a SSB transmit-receive converter 9 MHz-145 MHz to be driven.
Fig, 3 shows a block diagram of such a configuration. This means that this
synthesis VFO can be used together with the SSB transmitter and receiver mo-
dules DJ 9 ZR 001 (3), DJ 9 ZR 003, DJ 9 ZR 005 (4) and DJ 9 ZR 006 (5).

1. CIRCUIT DETAILS

Fig. 4 shows the circuit diagram of the actual VFO module. The variable os-
cillator ( T 101 ) is provided with a stabilized operating voltage of 8.5 V.

Y
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The feedback is made via a capacitive tapping on the resonant circuit so that no
tapping points need to be soldered on to the coil. The frequency-determining
components are dimensioned so that a reserve of approx. 100 kHz is available
at each band limit. Since home-made inductances hardly ever possess a re-
produceable temperature coefficient, it is not possible for TC compensation to
be made. It is, however, favourable for all frequency-determining capacitors
to have a TC value of approximately zero ( black point ),

With the given dimensioning, the output voltage of the oscillator module has a
very low harmonic content, which simplifies the subsequent suppression of spu-
rious waves considerably. The buffer stage equipped with transistor T 102 is
only loosely coupled to the oscillator via capacitor C 110 and is not equipped
with a resonant circuit. The buffer stage is provided with the full operating
voltage of 12 V. The output signal of the VFO is available at connection point
Pt 103 at low impedance ( approx. 254 ),

T101 C109 T102 cnz
93‘g'?p BF 224 22n BF 224 22n

. * PRI | | H

- R108
C105
L1 TSEP 680
Pt 103
= o la
c1o1 /Ic02 IC103  [C104 o3
5-50p [3-25p |22p  [Bp 44
C106
150p
- z,
h DJ SHD oo
E
+12V
c BF 224 P02

Fig. 4: Circuit diagram of VFO and buffer (DJ 5 HD 001)

The circuit diagram of the second module comprising crystal oscillator, mixer,
amplifier and voltage stabilizer is given in I'ig. 5. The crystal oscillator ( T 205)
is followed by a {requency doubler ( T 206 ) and an inductively-coupled bandpass
filter for filtering out the auxiliary frequency. The source electrodes of the
two junction field effect transistors of the push-pull mixer ( T 202, T 203 ) are
driven via the coupling link L. 209 and two isolating capacitors ( C 206, C 207 ),
This is made in push-push.

The variable frequency signal is fed from connection point Pt 201 to a phase
reversal stage equipped with the field effect transistor T 201. At the source
connection of this transistor, the signal is in phase with the input signal, at
the drain connection, however, the phase is shifted by 1809, Since the two
resistors R 202 and R 203 are equally great, both gate electrodes of the mixer
stage will receive the same amount of signal in push-pull, The trimmer poten-
tiometer P 201 in the source circuit of the mixer stage is used to balance the
operating points. The push-pull drain circuit possesses two trimmer capacitors
which allow the resonant circuit to be balanced. Together with the resonant
circuit comprising L 202 and C 211, the push-pull drain circuit forms a band-
pass filter tuned to the output frequency of 144 to 146 MHz or 135 to 137 MH=z.
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The subsequent amplifier stage with transistor T 204 is a straight-through am-
plifier which means that a transistor with a very low reactive capacitance is
required. At the base of this transistor, an absorption circuit ( L 203/C 213)
is provided which is tuned to the auxiliary frequency of 133 MHz or 124 MHz,
This suppresses the auxiliary frequency in addition to the other measures by
an additional 15 dB. The output coupling link L 205 provides a RF voltage of
approximately 0.4 V measured at an impedance of 50 2 at output Pt 203. The
resonant circuits are coupled and tuned so that the output voltage remains
approximately constant over the whole frequency range of interest.

2, MEASURED VALUES

Several prototypes of the described synthesis VIFOwere measured by the authors
with respect to their frequency stability and suppression of the auxiliary fre-
quency. The following values represent mean values resulting from measure-
ments on several oscillators. 15 minutes after switching on, the frequency drift
amounts to approximately 50 Hz /5 min, In continuous operation,a long-term drift
of maximum 200 Hz/hour was determined 16 hours after switching on. Data ob-
tained over a period of 3 hours after switching on is shown in Fig. 6.

0
SH] B
Hz \

Ly, P ~] —=

L0t t

Freguency difference

DJ B HD
i |
15 i 5 bl 7% PG ] ] 135 5D Minutes 1

=X

Period ————— i

Fig. 6: Measured frequency drift of the VFO

A value of more than 60 dB was measured for the suppression of the auxiliary
ifrequency of 133 MHz when referred to the output frequency of 145 MHz. With-
out cover, the auxiliary frequency suppression was only 50 dB, with cover but
without the previously mentioned absorption circuit it amounted to 45 dB. With-
out cover and without absorption circuit, the auxiliary frequency is only 33 dB
weaker than the required frequency.

When altering the operating voltage by £ 1 V, a frequency variation of £ 10 Hz
resulted.

3. CONSTRUCTION

As already mentioned, the synthesis VFO consists of two modules which are
shown in the photograph given in I'ig. 7. The VFO module with vernier drive
is shown to the left, the crystal oscillator and mixer module to the right. The
covers of both modules were removed for the photograph.
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Fig. 7: Photograph of the complete synthesis VFO

3.1, MODULE DJ 5 HD 001

The printed circuit board for the variable frequency oscillator and buffer stage
has been designated DJ 5 HD 001. Thigs PC-board with its corresponding com-
peonent location plan is shown in Fig. 8. The dimensions of this printed circuit
board are 78 mm x 45 mm. The photograph and drawings given in Fig, 9 and 10
allow further details of the construction to be seen. An already available var-
iable capacitor was used with single-sided support of the shaft. However, a
capacitor having bearings on both sides would be more suitable. The authors
found that the mechanical connection to the vernier drive, however, allowed
sufficient stability.

In another prototype of the VIO, an inexpensive FM-broadcast capacitor of
2 x 15 pF was used and the two stators joined together. Due to the different
capacitance values, it was necessary to vary some component values in the
VI'O, These are given in section 3.1.1. in brackets. The stability of this var-
iable capacitor with built-in 3 : 1 vernier was found to be very good. However,
an external vernier is most certainly required in addition.

As can be seen in the photographs, the variable capacitor is mounted on the
printed circuit board DJ 5 HHD 001 with the aid of a small bracket. This means
that it is possible to accommeodate it in a 45 mm high casing. It should be
noted, that the thicker the metal walls of the casing, the lower will be the
dependence on short-term temperature variations. The two operating voltages
are fed into the casing via feed-through capacitors of 4,7 nF, the RF voltage
is fed to the second module using a short piece of coaxial cable.

3.1.1. SPECIAL COMPONENTS FOR DJ 5 HD 001

T 101, T 102: BF 224 ( Texas Instruments Germany )

L101: 1.6 gH = 16,75 turns of 0.6 mm dia. (23 AWG) silk-covered, enamelled
copper wire on a ceramic coil former of 9 mm dia., close wound, glued
into place, hardened and aged. Without core. ( 2.9 pH = 27.5 turns ).



Fig. 9: Photograph of the VFO module (DJ 5 HD 001)
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Fig. 10: Vernier drive of the variable capacitor



C 101: 5 - 50 pF air-spaced variable capacitor, e.g. Philips capacitor
2222 804 15007. ( 2 x 3 - 15 pF connected in parallel )
C 102: 3 - 25 pF air-spaced trimmer ( the same with other variable capacitor )
C 103: 22 pF, TCO ( not required with the other variable capacitor )
C 104: 15 p¥F, TCO ( not required with the other wvariable capacitor )
C 105: 56 pF, TCO ( 33 pF )
C 106: 150 pF, TCO ( 100 pF )
C 107: 3.3 pI'Y, TCO ( likewise )

A spacing of 12,5 mm is provided on the printed circuit beoard for the resistors.

3.2, MODULE DJ 5 HD 002

All components of the crystal oscillator mixer module are accommodated on
the printed circuit board DJ 5 HD 002, The dimensions of this printed circuit
board, which is shown with its associated component location plan in Fig. 11,
are 125 mm x 65 mm, The construction of the mixer output filter requires a
short description: Inductances L 201 and L. 202 are soldered to the printed cir-
cuit board with relatively long connections. In this manner, they can be self-
supported beside trimmer capacitors C 208, C 209 as well as C 211 above choke
Ch 201. A piece of wire is soldered exactly to the centre of inductance L 201
which is then soldered to the corresponding point on the printed circuit board.
Fig. 12 shows the construction in the form of a drawing. Further details can
be taken from Figures 13 and 14.

Philips spindle trimmers can be used instead of the trimmers used by the
authors ( which are available from the publishers ) as long as the spindles are
shortened by 4 mm at both ends and additional holes are drilled into the printed
circuit board for the spindles.

Screening plates on the component side screen the three circuits: crystal os-
cillator with frequency doubler stage, input circuit, mixer and amplifier stages
from another. The dimensions of these plates are also given in Fig. 12, The
edges of the plates are soldered together and joined to the ground surface of
the PC-board by small pieces of wire. A ceramic feed-through is provided in
the longest screening plate, via which the auxiliary signal is fed from connec-
tion point Pt 205 to the mixer stage., Capacitors C 206 and C 207 are connected
between this feed-through and their positions on the PC-board.

The cover shown in Fig, 15, containing holes for the alignment, completes the
screening measures necessary for the spurious frequency suppression. Short
tapped bushings which have been soldered to the screening walls are used for
mounting the cover.

The resonant eircuit with inductances L 204, L 207 and L 208 are preliminary
aligned using a dipmeter before T 204 or T 206 are soldered into place.

3.2.1. SPECIAL COMPONENTS FOR DJ 5 HD 002

T 201, T 202, T 203: BF 245, BF 244 ( TIS 88, 2 N 5245 )

T 204: BF 167 ( AEG-Ttk )

T 205, T 206: 2 N 708 or similar

T 207: BC 108, 2 N 3704 or similar silicon NPN transistor

D 201: Z¥F 9.1 ( ITT-Intermetall ), BZY 85/C9V1 ( AEG-Tfk ) or 1 N 4103
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Printed circuit board DJ 5 HD 002

Fig. 11
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When not otherwise stated, all inductances are made from 1 mm diameter
{ 18 AWG ) silver-plated copper wire,

L. 201: 8 turns on a 7T mm former, centre tap, coil length 20 mm,
self-supporting

L 202: 4 turns on a 7 mm former, coil length 11 mm, self-supporting

L 203: 11.75 turns of 0.6 mm dia, ( 23 AWG ) silk-covered enamelled copper
wire close wound on a 5 mm diameter coil former, coil length 25 mm,
with VHF core

L 204: 6.5 turns, coil length 15 mm, on coil former with core as for L 203

L. 205: 2 turns of 0.5 mm diametier ( 24 AWCG ) insulated wire at the cold end
of L. 204, ends twisted together and fed to the PC-board

L. 206: 8.5 turns of 0.6 mm dia. ( 23 AWG ) silk-covered enamelled copper wire
close wound onto a coil former and core as for L 203

L 207: 5.75 turns onto a coil former with core as for L 203, coil length 11 mm

L. 208: 5. 25 turns onto a coil former with core as for L 203, coil length 11 mm

L 209: 2 turns of 0.5 mm diameter ( 24 AWG ) insulated copper wire wound on
the cold end of [, 208, ends twisted together and fed to the PC-board

With inductances L 203, L 204, . 206, L 207 and L 208, the hot end of the coil
is located near the PC-board.

A spacing of 12,5 mm has been provided for the resistors on the PC-board.
Ch 201: wideband ferrox choke ( Philips 4312 020 36701 )

P 201: 5 kG linear trimmer resistor for 10/5 mm spacing

Crystal: 66.5 MHz or 62.0 MHz in HC-6/U holder

C 208, C 209, C 211: 2 - 13 pF air spaced trimmer
- Y



4. ALIGNMENT OF THE SYNTHESIS VFO

Besides aligning the required frequency range, the variable oscillator module
DJ 5 HD 001 does not require any further alignment. A dipmeter is sufficient
for coarse alignment, The final alignment of the frequency range is made last,
in conjunction with the complete synthesis VFO using a calibrated 2-metre re-
ceiver, The variable oscillator is not in operation during the alignment of
module DJ 5 HD 002,

For the alignment of module DJ 5 HD 002, only the crystal oscillator is firstly
brought into operation. This is done by connecting an operating voltage of 12 V
to connection point Pt 204. The frequency of the crystal oscillator { 66,5 MHz
or 62.0 MHz ) is checked with the aid of a dip-meter. After this, the operating
voltage is also connected to connection point Pt 202. In order to align the auxi-
liary frequency bandpass filter with inductances L 207 and L 208, the RF probe
of a valve voltmeter ( VIVM ) should be connected to connection point Pt 205
( ceramic feed-through ). After aligning the inductances for maximum reading,
a value of approximately 1 V should result.

For the following aligpnment of the mixer stage, the crystal oscillator is switched
off by disconnecting the operating voltage from point Pt 204, The wiper of the
balance potentiometer P 201 should firstly be brought to its centre position.
Connection Pt 202 remains connected to the operating voltage because when
operating in conjunction with field effect transistors, loaded resonant circuits
can only be aligned when the FETs are in operation,

The primary circuit ( L 201, C 208, C 209 ) is aligned to the desired band
centre frequency with the dip-meter; both trimmers should exhibit the same
value. The operating voltage is removed from Pt 202 for the alignment of the
secondary circuit ( L 202, C 211 ). This circuit is now aligned with the aid of
the dip-meter to the band centre ( 145 MHz or 136 MHz ).

The DC values at the source connections of transistors T 202 and T 203 should
be equal. If the wiper of potentiometer P 201 must be varied greatly from its
centre position, this will indicate that the transistors differ greatly from an-
other, This will mean that one or the other should be changed from another
transistor of the same type. 0p AA 2

4 Wdg. 50 pA
H> 3-30p

Fig. 16: Tuning aid t

For the [inal balancing of the mixer stage to achieve the highest possible atten-
uation of the auxiliary frequency, a provisional tuning aid is built up as shown
in Fig. 16, The resonant circuit of the tuning aid should be tuned for maximum
reading at the resonant circuit L 208/C 227. The ground of the tuning aid should
be connected to the PC-board ground near to the output Pt 203. The 10 pF ca-
pacitor is now placed on the hot end of inductance L 204. The balancing poten-
tiometer P 201 and the absorption circuit with inductance L 203 should be align-
ed for minimum reading on the tuning aid. In spite of the low reading, the
minimum can be easily seen,

5. INTERCONNECTION OF THE MODULES
After the two modules have been connected together according to Fig. 17, the

- 54 -



tuning range can be set with the aid of a calibrated receiver. After this, the
probe of an RF voltmeter is connected to connection point Pt 203 and 50 Q
resistor connected between Pt 203 and ground. In this condition, the secondary
circuit of the mixer bandpass-filter is aligned with C 211 and the output circuit
with L 204 in such a manner that a practically equal voltage is achieved over
the whole frequency range of interest. The resistor should be removed after
this. A coaxial cable can now be connected between the module DJ 5 HD 002

and the transmitter,
Transmit
)

o e
¥ Net “12V
R
Pt 102 gt k
Pt101 +8.5V stab. Pt 204
DJ 5 HD oo1

Fig. 17: Interconnection of the two modules

For test purposes, it should be mentioned that module DJ 5 HD 001 provides a
voltage of approximately 0.5 V to the gate connections of the mixer transistors
T 202 and T 203.

As can be seen in IMig. 17, both oscillators are continuously connected to the
operating voltage via Pt 204 and Pt 206. In the CW mode, the variable oscilla-
tor should be keyed and not the crystal oscillator. In order to do this, the
connection between Pt 207 and Pt 101 should be disconnected and fed to the key.
To net onto the frequency and to transmit, the whole synthesis VFO receivesa
voltage via a contact on the transmit-receive switch,

6. AVAILABLE PARTS

The printed circuit boards and various components [or the described synthe-
sis VFO are available from the publishers or their national representatives, See
advertising page.
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TWO CIRCUITS FOR AUTOMATIC BAND SCANNING

Part 2: Automatic band scanner with stop device
and [requency indication

by E.G.Hoffschildt, DL 9 I'X

INTRODUCTION

After the description of a simple band scanner in (1) this second part describes
a more sophisticated band scanner, equipped with an automatic stop device which
allows the scanning process to be inierrupted for a short period of time to
enable a station to be identified. It is also equipped with a frequenecy indication
meter which allows the approximate [requency to be read off,

1. AUTOMATIC BAND SCANNER WITH STOP DEVICE
AND IFREQUENCY INDICATION

Fig. 1 shows a photograph of this versatile automatic band scanner, The mode
switch, tuning potentiometers and the frequency indication meter will, if the
band scanner is to be installed in a receiver, be mounted on the front panel,
The conirol panel and the band scanner cireunit have been combined here for
demonstration purposes,

1,1, CIRCUIT DETAILS

Of course, the circuitry is more complicated if the automatic band scanner is
to stop for a short period for identification of the rececived station. The circuit
diagram of such a configuration is given in Fig. 2. The transistors T 1 and
T 2 together with the associated components, form the astable multivibrator
circuit in the same amnner as for the simple band scanner circuit, The dis-
charge of capacitor C 2, however, does not only oceur via resistor R 2, but
also passes via the transistor T 3 in the discharge circuit. If this transistor
is blocked, the charge of capacitor C 2 will remain at this value; the voltage
ai the base of transistor T 2 therefore remains constant. Since this voltage
also controls the varactor diode D 1, the capacitance will not be altered and
the scanning process will be stopped. The discharge process of C 2, and thus
the scanning of the oscillator is continued again when transistor T 3 conducts,

e

444451441 Fig. 1
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The blocking of T 3 is made using a monostable circuit ( sometimes called
monoflop ) comprising transistors T 4, T 5, T 6 and the associated capacitors
and resistors. Transistor T 5 conducts in its rest position since it receives
the required base current via the base resistor T 7; T 6 is blocked since its
base is connected to emitter potential via T 9 and T 5. If a positive pulse is
fed to the base of transistor T 6, this will cause the transistor to conduct,
whereby the pulse is fed via the coupling capacitor C 6 in opposite phase to
the base of T 5. The previously conducting transistor T 5 is blocked by this
which is also the case with transistor T 3 because this transistor no longer
receives any base current. This means that the discharge of capacitor C 2 is
ceased, and the band scanning process is stopped. The stop time is determined
by the wvalues of resistor R 7 and capacitor C 6; as with the multivibrator it
amounts to:
te=0.TxRT7TxC68

The stop-pulse is taken from the control voltage of the receiver; if this is
positive, it must be fed to the base of transistor T 6, whereas a negative pulse
can directly block transistor T 5. Of course, it is possible to use the AF volt-
age of the receiver instead of the AGC voltage. However, attention should be
paid that the AF level is not too great since the receiver noise could, under
certein circumstances, cause the automatic scanner to stop. It is favourable
to provide a potentiometer with which the threshold value can be varied. It is
possible in this manner to vary the threshold so that weak stations do not ac-
tuate the stopping process; for instance, when the receiver should only be ac-
tuated by local stations. Transistor T 4 ensures that the charging of C 6 occurs
quickly so that the monoflop is actuated even by closely spaced stations.

The described circuit also allows a squelch effect to be obtained during the
scanning process, This is made by connecting the collector of transistor T 5
via the decoupling resistor R 11 and an isolating capacitor to a high impedance
peint in the AF amplifier. The audio amplifier stage is then loaded by R 11,
The load is increased on stopping the automatic scanning, and the AF level
will be increased. The optimum dimensioning of the isclation capacitor as well
as the most favourable position in the audio amplifier must be found by trial
and error; it is not possible to offer any hard and fast rules since every audio
amplifier is dimensioned differently. The A" level should, in any case, not be
too great, otherwise correct operation of the circuit will not be possible.

During the scanning process, the frequency will be indicated on a meter. It is
possible for the S-meter to be used for this, The control is made via the field
effect transistor T 7 whose high input impedance ensures that no reaction occurs
onto the circuit. The indication allows the frequency of the station stopping the
automatic band scanner to be established and to be selected with the manual
tuning if required. The stop time can be increased by blocking transistor T 3
manually. The maximum stop time depends on the leakage resistance of the
components connected to capacitor C 2. Transistors T 2, T 3, varactor diode
D1 and the input of T 7 should therefore exhibit large blocking resistances. If
one of these four semiconductors is too low or capacitor C 2 has a poor iso-
lation resistance,

The manual tuning is made in a similar manner to the simple circuit using
potentiometer P 4, The fine tuning can be made with P 5,
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In order to achieve the most linear scale marking, the wiper of the tuning po-
tentiometer P 4 should be loaded with 10 k§2. Fig. 3 shows the frequency run
and the scale response of the meter as a function of the rotation angle of po-
tentiometer P 4.

The operating voltage is maintained at a very constant value of 10.3 V using a
special stabilizer circuit so that fluctuations of the operating voltage have vir-
tually no effect on the frequency. The circuit, by the way, must be fed with a
negative voltage; the plus pole is connected to ground ( Pt 11, Pt 17 ).

In order to ensure that the scanning process is not stopped on the skirt of the
passband curve, a stop delay is provided by capacitor C 3. The capacitance
value of C 3 is essentially dependent on the bandwidth of the receiver; large
bandwidthe require larger capacitance values; whereas low capacitance values
are sufficient at narrow bandwidths, The most favourable value differs from
case to case and should be found by experiment.

Although the sweep voltage is not linear, the scanning speed of the search
oscillator is virtually constant since the non-linearities of the varactor diode
characteristic and the sawtooth signal are opposite to another. This is the only
reason why the circuit does not require a tuning discriminator ( AFC ). It has
been found in pracitce that signals at both band limits can be tuned equally well,
and do not require different delay times. If, however, a discriminator is avail-
able, it is possible for it to be used if the search oscillator is correspondingly
dimensioned. Connection point Pt 14 is provided for this purpose.

The oscillator (T 8) is built up in a similar manner to the simple band scanner.
If this oscillator is not required, the oscillator portion of the board can be
separated from the rest of the circuit at the marked position. The printed
circuit board ( Fig. 4 ) of this automatic band scanner is designated DL 8 FX
002. It is 27.5 mm wide and the length is 147 mm without the oscillator portion.
The associated component location plan is also given in Fig. 4.

SPECIAL COMPONENTS FOR DL 9 FX 002

2.
T1, T2, TS5, T6: BC107, BC 108, BC 183, 2 N 2926, 2 N 3903 or similar
silicon NPN types
T3, T4, T9, TI10:BC 178, BC 213, 2 N 3905 or similar silicon PNP types
T :BF 244 ( 2 N 5284 ), BF 245
or similar N-channel junction FET
TS :2 N 708, 2 N 918, BF 224, BF 173, BF 115 or similar
T :AC 127, AC 186, AC 175, AC 187 K, 2 N 4105
( germanium-NPN )

D1: BA 139, BA 121, BA 110, 1 N 5462 a ( Mot., ) ( approx. 16 pF at 2 V)
D2, D4: 1 N914 ( or any silicon diode )
D3:1N750, BZY 85/C4V7, ZF 4,7 ( 4.7 V zener diode )

I, 1: 3.25 turns of 1 mm diameter ( 18 AWG ) silver-plated copper wire
wound onto a 7 mm diameter coil former with VHF core.

C 10: 6 - 30 pF ceramic micro disc trimmer
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3. ALIGNMENT OF THE AUTOMATIC BAND SCANNER DL 9 FX 002

The alignment of the ecircuit is made in the following manner:

The stabilized voltage is firstly adjusted to approximately twice the value of
the zener wvoltage. In the "manual tuning'" mode, potentiometer P 4 should be
adjusted to that stop which is connected to connection point Pt 2. If a fine tun-
ing potentiometer ( P 5 ) is provided, this should be in its centre position. The
upper frequency limit is now aligned using the core of inductance L 1. After
this, the tuning potentiometer P 4 is brought to the opposite stop and the lower
frequency limit aligned with trimmer capacitor C 10. These two alignment pro-
cesses should be corrected repeatedly until the required frequency range is
achieved. In order to align the frequency indication, potentiometer P 2 should
be aligned at the highest frequency for a small deflection of approx. 0.1 mA.
After this, potentiometer P 3 should be adjusted at the lowest frequency to full
scale deflection.

If a manual tuning is not necessary, potentiometer P 4 will not be required.
The alignment is then made in a similar manner observing signals at the band
limits.

4, AVAILABLE PARTS

The printed circuit boards, semiconductors, coil formers, trimmer capacitors
and kits are available from the publishers or their national representatives,
Please see advertising page.

5. REFERENCES

(1) E.G.Hoffschildt: Two circuits for Automatic Bandscanning
Part 1: A simple band scanner
VHF COMMUNICATIONS 2 (1970), Edition 4, Pages 245-248
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INDEX TO VOLUME 2 {1970) OF VHF COMMUNICATIONS

1. TECHNICAL DESCRIPTIONS AND ASSEMBLY INSTRUCTIONS

1,1, VHF RECEIVERS AND CONVERTERS

The 144 MHz Converter with Dual-Gate MOSFET Mixer
Cascode [F Stages

FETs in the 28-144 MHz Transverter DJ 6 ZZ 001
Corrections to the § MHz IF-AF Module DJ 9 ZR 005

PC-board for the two Crystal Osclllators of the 144-14 MHz
MOSFET Converter uged in the DL 6§ HA Transceiver

Twao Clreuits for Automatic Band Scanning
Part 1: A Slmple Band Scanner

G. Laufs, DL 6 HA

D. E, Schmitzer, DJ 4 BG
F.Weinglirtner, DJ 6 ZZ
G. Stroessner, DJ 2 VIV
H, Kahlert, DL 3 YK

E.G.Hoffschildt, DL 9 FX

1.2, VHF EXCITERS, TRANSMITTERS AND POWER AMPLIFIERS

Simple, Compact PA Stages for two Metres, Part [
Simple, Compact PA Stages for two Metres, Part [
A Universal VHF-UHF Transmitier for AM and FM, Part1
A Universal VHF-UHF Transmitter for AM and FM, Part 11

1,8, UHF RECEIVERS AND CONVERTERS
Stripline Transverter for 70 cm

1.4, UHF EXCITERS AND TRANSMITTERS
A Universal VHF-UHF Transmitter for AM and FM, Part 1
A Universal VAF-UHF Transmitter for AM and FM, Part Il

Cheap Varactor Dicdes for the 70 cm Tranamitter
uging an EC 8020 Tube

A 70 em-23 em Stripline Varactor Tripler
Stripline Transverter for 70 cm

1.5, COMPLETE YTIF TRANSCEIVERS

A BSB Transceiver with Silicon Transistor Complement
comprising:

The 144 MHz Converter with Dual-Gate MOSFET Mixer (Part 1)

The 9§ MHz Transceiver (Part 2)

9 MHz-14 MHr Transmil-Receive Converter, 14 MHz-144 MHz

Tranemit Converter, VFO and Low-Pass Filter [I’art 3)
Power Supply and AF Amplifier

1.6. TRANSVERTEHS FOR VIIF AND UHF
FETs in the 28-144 MH: Transverter (W 6 27 0ul

Stripline Transverter for 70 cm

1.7. VARIABLE FREQUENCY OSCILLATORS
A 48 Mz VFO for 144 MHz Transmitlers

A Synthesis VFO for 24 MH=

A Simple 72 MHz VFO for FM Transmitters

2. ANTENNAS AND ANTENNA ACCESSOHIKS
2,1, ANTENNAS

A Tiltable Antenna with Selectable Polarity

2.2. ANTENNA ACCESSORIES
Coaxial Low-Pass Filters for VHF and UHTF
A Simple Rotary Coaxial Coupling

3. MODULATION AND DEMODULATION
e FM Advantageous on the VHF-UHF Bands?

Frequency Modulation of Crystal-controlled Oscillators
by use of Resistor Diodes

Narrow Band Freguency Modulation of Overtone Crystal Osc.
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D.Grossmann, DJ 4 BEX
D, Grossmann, DJ 4 RX
R.Lentz, DL 3 WR
R.Lentz, DL 3 WR

K. Elchel, DC 6 HY

R.Lentz, DL 3 WH
R.Lentz, DL 3 WR
H.J. Franke, DK 1 PN

H.J. Franke, DK | PN
K. Eichel, DC 6 HY

G, laufa, DL 6 HA

. Welngirtner, J 4 27
K. Eichel, DC & Y

H, Matuschek, DJ 3 MY
R, Lente, DL 3 WH

E.Reitz, IN 3 JT

H,T,Dobluy, DJ 8 QC
. Saffrun, DC B'OH

D, K, Schmitzer, DJ 4 BG
G.Dumm, DM 2 AWD

E.Harmul, OE 6 TH
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A Digital Digcriminalor Accessory for FM Demodulation
Experiments with a Crystal Discriminator

A Simple 72 MHz VFO for FM Transmitiers

Steep Skirted Active Audio Filters

Speech Processing

4, FILTERS
Coaxial Low-Pasgs Filters for VHF and UHF
Steep Skirted Active Audio Filters

5. MEASURING TECHNOLOGY
A Calibration Speetrum Generator for Two Metres

A Transistorized Calibration Spectrum Generator for two Metres

A Blmple VHF-TIIF Calibration Spectrum Generator

6. OTHER DESCRIPTIONS
An IF Diplexer ( 28-30 MHz )
Stable Reference Voltages

Electronically Stabilized Power Supply with DC-DC Converter

All copies of Volume 1 (1%969) and Volume 2 (1870) are still
available. The price of a complete Volume is DM 12, --
{surface mail) or DM 4, -- for individual copies,
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E. Reitz, DJ & JT
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Price List of new equipment described in VHF COMM UNICATIONS 1/1971 and miscellaneous items

For earlier equipment, see price list in edition 4/1970

DJ 4 BG 006 Speech Processor
PC-board DJ 4 BG 006 ( with printed plan ) DM T, -=
Semiconductor DJ 4 BG 006 (1Ic, 2 transistors) DM 17.80
Kit DJ 4 BG 006 with above listed components DM 24.80
Conneclors Siemens ( 13 pole ) for PC-board 13J 4 BG 006 - set DM 7.40 -
DL 9 FX 002 Bandscanner with stop device
PC-board DL 9 FX 002 ( with printed plan ) DM e
Minikit DL 9 FX 002 ( coilformer and trimmer s¢ as well as semiconductors ) DM 37.15
Kit DL 9 FX 002 with above listed components DM 43.15
DJ 5 HD/DJ 7 JX Synthesis VFO for 144 MHz or 136 Milz
DJ 5 HD 001 VFO and buffer
PC-board DJ 5 HD 001 { with printed plan ) DM 4,30
Minikit DJ 5 HD 001 ( Airspaced trimmer, variable ceramie coilformer ) DM 18.80
Semiconductora DJ 5 HD 0ol { 2 transistors ) DM 4, (0
Varlable capacitor 57 pF {24 x 32 x 26.5 mm ) DM 13.50
Kit DJ 5 HD 001 with above listed components oM 41,80
DJ 5 HD 002 Crystal oscillator, mixer, amplifier, voltage stabilizer
PC-board DJ 5 HD 002 ( with printed plan ) DM 9.--
Minikit DJ 5 HD 002 ( coilformers, trimmers and chokes ) DM 11.50
Semlconductors DJ 5 HD 002 ( 7 transistors, 1 diode ) DM 31,40
Crystal 66,500 MHz { HC-6/U ) for 145 MHz VFO DM 18.--
Kit DJ 5 HD 002/145 with above components DM 69.90
Crystal 62.000 MH=z { HC-6/U ) for 136 MH:z VFO DM 18, -~
Kit DJ 5 HD 002/136 with above components DM £9.90
DL 8 ZX 001 70 cm transmitter with VX0
VX0
PC-board DL. 8 ZX 001 ( with printed plan ) DM 4, -
Minikit DL 8 2X 001 /VXO coilformer set, screening cans DM 3. --
Semiconductors DL B ZX 001 /VXO 2 transistors DM 7.80
Kit DL 8 ZX 001/VXO with above components oM 14,80
Crystals 27, ... MHz { HC-18/U on request delivery 6 weeks)
Transmitter
Minikit DL B ZX 001/TX 2 tube sockets, collformer set, choke set,

Ierrite beads, trimmer set D 21.90
Semilconductors DL 8 ZX 001/TX 6 transistors, 4 diodes DM 34,20
Tube EC 8010 oM 24, —-
Tube EC 8020 DM 27, -~
Kit DL 8 ZX 001/TX with above components DM 10%7.10
DK 1Y¥YZ VFO operation from SSB transmitter 24-24,5 MHz
PC-board DL 7 ZR ( with printed plan ) DM 8.00
Minikit DK 1 YZ po1 ( collformer set ) DM 2.70
Semiconductors DK 1 YZ 001 ( 4 transistors, 4 diodes ) DM 22.70
Kit DK 1 YZ 001 witz above components DM 33.40
Crystal 19, 000 MHz ( spezial order-HC-6/U ) DM 21.50
Special offers
PC-board DL 8 GU 001 with printed plan DM 3, --
PC-board DJ 4 BG 006 without plan DM 5. --
Silicon diodes 400 V p.iov, /O.TA DM 0,30
Silicon diodes 200 V p.i.v. JU.T A DM 0.30
Price changes
DJ g AR 001 5 W S8B transmitter
Semiconductors reduced to oM 92.30
Kit price reduced to DM 114.80
DJ 8 ZR 005 9 MHz IF/AF portion
Now available with chokes and translormer
Minikit price increased to DM 43.20

DM  159.30

Kit price

increased to

VOLUME 1 (1969) and 2 (1970) of VHF COMMUNICATIONS

We would like to point out that all previous copies of VHF COMMUNICATIONS are still available.
Since our magazine contains only technical articles of continuing interest and value, we ensure
that back copies can always be provided for later subscribers. The price of the complete Volume 1,
(1969) or 2 (1970) is DM 12, -- each for surface mail or DM 4, -- for individual copies. The
airmail prices can be obtained from your national representative or from the publishers.
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High performance equipment

from T (paun

Two Metre Transceiver SE 600

A selective two metre transceiver for all operatin,
havin? a very low noise figure and extremely hig
modulation rejection.

True transcelver operation or separate operation of trans-
mitter and receiver are possible, Transmitter and receiver
can be individually switched to the following modes: CW,
LSB, USB, AM and FM. The separate operation and the
possibllity of selecting either LSB or USB make the trans-
celver suitable for operation with balloon carried translators
or satellites.

Separate crystal filter for transmitter and receiver. True AM using plate/screen grid modulation of the PA
tube. Bulit-in clipper. Crystal discriminator for FM demodulation, with IC limiting. Product detector for SSB.
VOX and anti-trip. RF output and S meter. Built-in antenna relay. Power supply for 115 and 220 volt as well
as a DC-DC converter for 12 volt are buiit in. Price: DM 2725.—

modes
Cross-

Two Metre Converter DGTC 22

High performance dual-gate MOSFET converter. Very
high sensitivity and cross-modulation rejection. Highest
possible spurious signal rejection by using a 116 MHz

crystal.
Price: DM 122, —

70-cm-Converter DGTC 1702
High performance dual-gate MOSFET
converter. An excellent 70-cm-con-
verter, Variable overall gain —
without effecting the other specifi-
cations — using a built-in 60 ohm
T-Control so that the most optimal
amplification matching can be made
to the following receiver. Comple-
tely screened silver-plated brass
cabinet. All 432 MHz circuits are a
true stripline circuits with 10 n silver
plating. Input and output: 60 ohm
BNC connectors. Price: DM 228,—

144 MHz/432 MHz Tripler
LVV 270

A wvaractor tripler for input powers
of up to 30 watt, For AM, FM and
CW operation. High fundamental and
harmonic rejection due to the built-
In, selective bandpass filter at the
output. Completely screened, silver-
plated brass cabinet. All 432 MHz
circuits are true stripline circuits
with 10 p silver plating.

Input and cutput: 60 ochm BNC con-
nectors. Price: DM 236,—

144 MHz[432 MHz Transverter
TTV 1270

This unit represents — in conjunc-
tion with a two metre station — the
quickest and simplest means of ba-
coming active on 70 cm. It has been

especlally developed for portable
operation.
No antenna switching is required!

The transverter is simply connected
between the two metre station and
the 70 cm antenna. Completely
screened, silver-plated brass casing.
Input and output: 60 ohm BNC con-
nectors. Price: DM 142,—

Our catalogue giving full specifications is available free-of-charge

KARL BRAUN - 8500 Niirnberg - BauvereinstraBe 40 - Western Germany

France:
Switzerland:
USA and Canada:

Representatives:

A. D. Electronique, 4, Aue Alexandre-Fourtanier, Toulouse
Equipel S. A. 1211 Genéve 24
Spectrum International, P. O. Box 87, Topsfield, MA 01983



@Y CRYSTAL FILTERS - FILTER CRYSTALS - OSCILLATOR CRYSTALS
) SYNONYMOUS for QUALITY and ADVANCED TECHNOLOGY

\i_ @ ,;l-*' PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.
PIEZ0-ELECTRIC PRESSURE TRANSDUCERS

Listed is our well-known series of

9 MHz crystal filters
for SSB, AM, FM
~and CW applications.

In order to simplify matching, the
input and output of the filters com-
prise tuned differential transfor-
mers with galvanic connection to
the casing.

Filter Type XFOA | XF9B | XF9C | XF-9D XFOE | XF-9M
Application SSB- SSB AM AM FM CW
Transmit.
Number of Filter Crystals T 8 8 8 | 8 4
Bandwidth (6dB down) 25kHz | 24 kHz | 375kHz | 50 kHz | 120 kHz | 05 kHz
Passband Ripple <1dB <2dB <2d8 |<2dB | <2dB | < 1B
Insertion Loss < 3dB | < 35dB | < 35 dBi < 35dB| < 3dB < 5dB
Input-Output 7 500 @ 500 500 @ 500 1200 @ 500 2
Termination * Cy 30 pF 30 pF 30 pF 30 pF 30 pF 30 pF
(6:50d8)1.7/(6:60dB) 1 8 (6:60dB) 1.8 (6:60dB) 1 8| (6:60dB) 1 8|(6:40dB)2.5
Ghiape  Facter ' (6:80dB)2.2| (6:80 dB)2.2| (6:80 dB)2.2|(6:80 dB) 2.2/(6:60 dB) 4.4
Ultimate Attenuation S 45 dB | > 100 dB| > 100 dB| > 100 dB| -9 dB | > 90 dB

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH

D 6924 Neckarbischofsheim - Postfach 7
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