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A DIGITAL CALIBRATION-SPECTRUM GENERATOR

by D, E.Schmitzer, DJ 4 BG

1. INTRODUCTION

Calibration spectrum generators have proved themselves to be a valuable mea-
suring aid. The large number of applications and the reduction of the semi-
conductor - especially integrated circuit - prices allow extremely versatile
equipment to be constructed. For instance, the calibration spectrum generator
that is to be described allows a calibration spectrum to be generated whose
calibration lines can be switched for a spacing of 1 MHz, 500 kHz, 100 kHz,
50 kHz, 10 kHz, 5 kHz and 1 kHz, In addition to this, a second harmonic ge-
nerator can be selected which oscillates at a fundamental frequency of 1,001
MHz, Since the frequency spacing of 1 kHz with respect to the main oscillator
is also multiplied, a frequency determination is possible by counting the multi-
plication factor. This method will be explained further in part IL

In addition to this, the frequency of the main oscillator can be pulled slightly
using a varactor diode. This allows the calibration spectrum generator to be
brought into zero-beat with a standard frequency transmitter without having
to open the unit. In part 1II of this series of articles, a fixed-frequency re-
ceiver is to be described for 200 kHz which synchronizes the calibration spec-
trum generator automatically with the aid of the varactor diode so that the
frequency accuracy is the same as that of the Droitwich, England transmitter,
The frequency accuracy and stability represented by this is in the order of the
time bases of very expensive frequency counters and is especially of interest
for the very high frequency bands as well as for EME and meteor-scatter
enthusiasts, Figure 1 shows the block diagram of the complete unit,

The described characteristics of the equipment can, according to the require-
ments and financial expenditure, be obtained step by step. According to the
modular principle, a number of modules can be constructed without requiring
later modification, Since a construction using discrete components would be too
extensive, integrated circuits are used. This results in a simple and clear
construction on printed boards which can be included in modular cases as
described in (1),

2, CIRCUIT DETAILS OF THE CALIBRATION SPECTRUM GENERATOR

The circuits are built up of integrated digital circuits in the TTL-technology.
The operation and application of the basic digital circuits is explained in detail
in (2) so that it is not necessary for it to be explained here. For clarity, the
description will be made separately for each printed circuit board. The power
supply and the 1,001 MHz oscillator will be described in Part I, The description
of the 200 kHz Droitwich-receiver and its auxiliary circuit will be described
later in Part III.

The following description, Part I, contains the actual calibration spectrum
generator.
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2.1, THE OSCILLATOR ( First step)

A circuit consisting of two inverters ( gates with parallel-connected inputs ) is
used as oscillator as was described in (3). In this ecircuit, a feedback link
ensures that a DC operating point is adjusted which guarantees a secure com-
mencement of oscillation, In our case, two gates of the integrated circuit
SN 7400 N are used and one of the two remaining gates is used as buffer. The
last gate will be required on extending the calibration spectrum generator,

The basic circuit of the oscillator is given in Figure 2; the operation roughly
corresponds to that of a multivibrator by which a feedback link is provided via
the crystal, The same crystal is used as was given in (4) where it was used
at parallel resonance with a loading of approximately 30 pF; whereas it is used
here at the somewhat lower series resonance which allows it to be aligned to
the exact frequency using a series capacitor Cg of approximately 35 pF.

2.2k 2.2k

=

Ou:ifut

12k 1.2k

Fig. 2: Crystal oscillator from two NAND - gates
(/5 SN 7400)

33k

Fig. 4: Circuit extract, fine tuning

After completion, this oscillator is fully ready for operation on the printed
circuit board. The output signal is a square wave with a duty cycle of vir-
tually 1 : 1 which is available at connection point Pt 2, The complete oscillator
circuit is contained in the circuit diagram ( Fig. 3) where it is designated
step 1.

It is possible for the frequency to be exactly aligned not only with the series
capacitor Cg on the board but also with the aid of a varactor diode D 1 using
an adjustable voltage. This allows the calibration process to be carried out
without opening the case since the tuning voltage can be varied using a poten-
tiometer on the front panel, see Figure 4.
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2,2, PULSE-SHAPER CIRCUIT ( Second step )

The output signal of the oscillator possesses a duty cycle of virtually 1 : 1 which
is also true of the frequency-divided signals of the subsequent stages because
they originate directly from flip-flops. Only uneven harmonics ( e.g. 1f; 3f; 5f;
etc. ) are contained in a square-wave voltage having a duty cycle of exactly
1 :1; whereas even harmonics ( e, g. 2f; 4f; 6f; etc. ) are not present or of a
very low level due to a certain unbalance of the circuit. In addition to this,
the lower harmonics appear with a far higher energy with such a squarewave
signal than the higher order harmonics. This can lead to difficulties in the
required application, However, if the squarewave signal is differentiated in a
CR-link, all uneven harmonics will be available with approximately the same
amplitude according to the short rise time of the needle pulse generated in this
manner. If the pulses of negative polarity are removed by a diode after this
differentiation and if the positive pulses are passed ( or vice versa ), the re-
sulting voltage will contain both odd and even harmonics of the fundamental
signal of approximately the same energy.

Fig. 5: Pulse shaper from four
NAND - gates (1 x SN 7400 N)

Such pulses can be obtained with a circuit comprising four gates as shown in
Figure 5. It utilises the inavoidable delay of the signal travelling trough the
gates, If the input of this circuit receives a zero-signal, a 1-signal will appear
at the output of gate 4, independent of the fact that an 1-signal is present at
the second input of gate 4 via the second branch (G 1 to G 3 ), If the input of
the circuit now receives a 1-signal, a 1-signal will exist for a short time at
both inputs of gate 4 and the output of G 4 will jump to zero, After the input
pulse has also passed via branch G 1 to G 3, zero will be present at the second
input of G 4 so that the output jumps back to 1, The 1-0-1-pulse achieved in
this manner at the output of G 4 has a pulse length of approximately 30 ns when
using the quadruple gate SN 7400 N; the rise time is approximately 8 ns, The
extremely steep slope of the pulse means that harmonics of sufficient energy
will be available far into the VHF range,

If the crystal oscillator is only to be used with the pulse-shaper stage, the
output of the oscillator should be connected to the input of the pulse-shaper
using a wire bridge on the printed circuit board. The output signal is then
present at connection point Pt 3 at an amplitude of approximately 0.7 V peal-
to-peak at an impedance of 60 §:.

2,3, FREQUENCY DIVIDER FOR 500 kHz and 100 kHz ( Third step )

The integrated circuit SN 7490 N comprises frequency dividers of 2 : 1 and 5 : 1,
When driven with the 1 MHz signal of the oscillator, output signals of 500 kHz
and 100 kHz are obtained without further measures. ( Of course, one could
connect the 5 :1 frequency divider first, followed by the 2 : 1 divider and thus
obtain 200 kHz and 100 kHz). Three different frequencies are now available which
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means a switching system is required so that only the required signal is present
at the output. This is achieved using NAND-gates, The 1 MHz signal is passed
via the remaining gate 1d of IC 1 not required in step 1 ( oscillator ). The
500 kHz and 100 kHz signals are connected via two gates ( 4a and 4b) of a
further SN 7400 N ( IC 4 ). The two remaining gates remain for the third step.
If the second input of the connected gates are now connected to ground, no
signal will be present at the output ( see the function of the gate as described
in (2). If the grounded connection is disconnected by one of the gates or better
still, the input connected to + 5 V via a protective resistor, the required signal

will be available at the output.

The integrated circuit IC 5 of type SN 7430 N is used for combining the three
outputs. This IC comprises a gate with eight inputs and serves as a NOR-circuit.
The other inputs are not required at present, On the printed circuit board, the
output of the SN 7430 N ( IC 5 ) is connected to the input of the pulse-shaper
stage, When adding step 3, it is therefore only necessary for the wire bridge
mentioned in Section 2,2, to be removed from the printed circuit board, After
equipping step 3, the required output frequency will be available at the output
Pt 3,

2,4, FREQUENCY DIVIDER FOR 50 kHz AND 10 kHz ( Fourth step )

A further SN 7490 N (IC 6 ) is used in step 3 as frequency divider, This is
fed from the 100 kHz output and supplies 50 kHz and 10 kHz signals. These
signals are then fed via the two remaining gates 4c and 4d remaining in step 3
and fed to the output via two remaining inputs of IC 5.

2,5. FREQUENCY DIVIDER FOR 5 kHz AND 1 kHz ( Fifth step)

This module may not be required because the frequency stability or scale
accuracy of a receiver or transmitter under test may make a calibration to an
accuracy of 5 kHz or 1 kHz rather superfluous, As in the previous steps, a
SN 7490 N (IC 7 ) is also used whereas the two gates ( 8a and 8b ) of a further
SN 7400 N ( IC 8 ) are used as switch, The outputs are also combined in gate
IC 5 which operates as a NOR-circuit,

Since the decoupling of the gates used as switches is not too high, all spectral
lines are more or less modulated with the 1 kHz signal after equipping with the
last frequency divider ( IC 7). This can lead to errors. The two last remaining
free gates 8c and 8d in IC 8 are therefore used for controlling IC 7 so that it
only divides when the 5 kHz or 1 kHz signal is required, In all other cases, it
remains blocked via the "reset' inputs,

If one selects for instance the "1 kHz'" switch in addition to a higher frequency
of for example 1 MHz, the 1 MHz signal will be modulated with 1 kHz., This,
however, does not occur in a sinusoidal manner but as a squarewave so that
a 1 kHz spectrum is generated above and below each 1 MHz line. This can be
utilized when at very high frequencies the low-frequency lines are too weak,
whereas the high frequency lines are still sufficiently strong. By modulating
a high frequency spectral line, it is therefore possible for low-frequency lines
to be heard,
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3. MODIFICATIONS OF THE BASIC CONCEPT

If the spectrum generator is only to be extended for 10 kHz calibration markers,
it is possible to utilize the switching possibility mentioned in Section 2,5, for
the 50 kHz /10 kHz divider. In this case, step 4 ( IC 6 ) is deleted and a bridge
is made on the printed circuit board so that the input of the IC 6 ( connection 14 )
is connected to the output ( connection 11 ), IC 7 is now directly fed with the
100 kHz signal and will supply 50 kHz and 10 kHz. The control inputs 9 and 10
are grounded. The control for 50 kHz is now connected to 11, and 12 is respon-
sible for the control for 10 kHz, As was explained in Section 2.5., IC 7 is only
switched on when the 50 kHz or 10 kHz calibration markers are required, In
other cases it is blocked so that no errors can be caused due to spurious
10 kHz or 50 kHz markers during operation of the 1 MHz, 500 kHz and 100 kHz
markers,

4. OPERATIONAL NOTES

The integrated circuits used require a very accurate operating voltage of 5 V
%0.25 V for correct operation, This voltage may not be exceeded considerably
( upper limit for short periods 7 V) since the integrated structure will be de-
stroyed, This is also valid for short interference pulses. The whole circuit
must therefore be operated from a sufficiently stable and well filtered voltage
source. The simple stabilizer given in Figure 6 is suitable for this, The zener
diode should be found experimentally so that the voltage at the output of the
stabilizer is well within the tolerance limits of 4,75 V to 5,25 V, The adjust-
ment of the voltage must be made under load ( approx. 150 mA ) for which a
resistor of 33 Q/1 W is suitable, Only after the voltage is within the tolerance
limit, is it possible for the load resistor to be removed and the voltage source
connected to the spectrum generator. As mentioned in the introduction, a special
voltage stabilizer will be described in part Il of this series.

If a lower voltage is fed to the integrated circuits, they will not be damaged,
but correct operation cannot be guaranteed,

Fig. 6: Simple stabilizer

1215

T:2N 1813, 2 N 2218/2219
BSX 46 efc. with cooling fins

5, CONSTRUCTION

A double-coated printed circuit board must be used for construction of the ca-
libration spectrum generator otherwise the necessary connections cannot be
made, If a single-coated PC-board were to be used, it would be necessary
for a large number of wire bridges to be provided, This, however, would
result in error sources and would make the construction more difficult,
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The construction of the very extensive circuit is simplified greatly by using the
relatively expensive double-coated board with through-contacts. The printed
circuit board possesses the dimensions 65 mm x 130 mm and is therefore suit-
able for accommodation in a modular case such as the TEKO 4 A, The connec-
tions are made via a 13 pole connector, This means that a completely screened
plug-in module is obtained. Further details of this system were described in
(1). If the module is not to be plugged, solder tags can be inserted instead of
the connector strip. The printed circuit board is designated DJ 4 BG 004; Fig. 7
shows the conductor side. The conductor lanes on the component side as well as
the component location plan are given in Figure 8,

5.1, NOTES REGARDING THE CONSTRUCTION

When observing the usual precautions with semiconductors, no difficulties should
occur, The construction is made favourably by completing one stage after the
other and checking the function after completion of each stage. Commencing
with the oscillator, the construction is made as follows:

After soldering IC 1 onto the PC-board in the correct position indicated by the
notch on the upper surface, the nominal operating voltage is connected. A power
supply is suitable whose output voltage can be varied from 0 V, If this is not
possible, a potentiometer should be connected in the operating voltage lead
( approx. 1 kf? ) and the resistance value reduced in steps, The current flowing
through the circuit is now measured so that the full short-circuit current cannot
flow through the circuit if the IC has been incorrectly connected. On obtaining
the nominal voltage ( potentiometer to 0% ), a current of approximately 12 mA
should be measured ( deviations up to a maximum of 22 mA are permissible ).
With higher current values, it should be checked to see whether the integrated
circuit has been incorrectly inserted or whether any short-circuits have been
made on soldering the closely spaced legs of the integrated circuits,

After this, resistors R1 to R 4, capacitors C1, C2 and C3 as well as the
crystal holder are soldered into place; however, the crystal is not inserted.
A current of approximately 35 mA will then flow which will be reduced to
approximately 256 mA after inserting the crystal, The fundamental signal of the
crystal oscillator can now be monitored on a medium wave broadcast receiver,
or the harmonics on a shortwave receiver. The frequency should be slightly
variable with the trimmer capacitor C 3 without causing the oscillation to cease.
The receiver can be connected to Pt 2 via a capacitor of a few picofarad, It is
recommended that a ground connection be provided so that no transmitters can
be induced into the receiver ( caution should be made with AC-DC-receivers ).
In step 2, e, g. in the pulse-shaper, the output signal will appear at Pt 3, Since
a source impedance of approximately 60 £2is present at this position, it may
be more favourable for receivers with coaxial inputs.

The construction is extended in a similar manner stage for stage in the order
of the integrated circuit numbers, After installation of IC 1 to IC 5, the switch-
ing behaviour of the first switching stages is checked by selecting, for instance,
500 kHz ( the other inputs must be grounded ) and observing an harmonic, If the
input of the gate associated with 500 kHz is grounded, the signal strength should
be reduced noticeably. A wideband oscilloscope is very useful for this test
( probe to Pt 2 or 3; horizontal deflection according to the frequency in question;
sensitivity 1 V/em ). However, if care is taken, the calibration spectrum ge-
nerator can be checked stage for stage by listening to the harmonics.
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6. CALIBRATION

As long as the possibility does not exist for the alignment to be made exactly
to 1 MHz using a frequency counter, it is usually made by beating one of the
harmonics with a standard frequency transmitter, If a shortwave receiver is
not available with which the 5 MHz or 10 MHz harmonic can be compared with
WWYV or other standard frequency transmitters, it is possible for the harmonic
of thel00 kHzoutput of step 3 to be compared with the long-wave transmitter
Droltwich on 200,000 kHz, The {requency error of this transmitter is less than
10-8 at the receive location. It is only necessary for a broadcast receiver co-
vering the long-wave band that possesses a "'magic eye" or similar tuning indi-
cator to be used. On switching on the calibration spectrum generator, a beat
frequency is usually heard, Trimmer capacitor C 3 is now aligned as accurately
as possible to zero beat. However, the alignment should be made after the
crystal oscillator has been in operation for some time so that transient effects
will not occur, If the calibration spectrum generator is aligned so that a beat
frequency of less than 1 Hz results when comparing it to the 200 kHz trans-
mitter Droitwich, ( e,g. the magic eye requires longer than 1 s in between the
maximum and minimum signal strength indicated ), the frequency of the cali-
bration spectrum generator will deviate by less than 5 x 10-6 from the standard
frequency, A deviation of 1 Hz from the standard frequency transmitter WWV
on 10 MHz would mean a frequency agcuracy of as great a 1 x 10~7, However,
this value cannot be maintained over a long period since the crystal is not en-
closed in an oven; this means that a temperature variation of 1/10 °C will
cause an equally great frequency variation,

This shows that it is more accurate to compare the output of the calibration
spectrum generator to WWV than to the long-wave transmitter, When regular
calibration is made to WWYV, one will always be able to maintain the frequency
deviation lower than 1078, This should be sufficient for virtually all amateur
applications, Higher accuracies are possible when the crystal oscillator is
synchronized to a standard frequency transmitter using an additional attachment,
Such an attachment is to be described in Part Il of this series,

7. THE INTEGRATED CIRCUITS AND EQUIVALENT TYPES

Only three different types of integrated circuits are used in the describéed ca-
libration spectrum generator, These are the SN 7400 N which comprises four
gates each having two inputs ( see Fig, 9a for the socket connections ), SN 7430 N:
a gate with 8 inputs ( see Fig, 9b), as well as the decade counter SN 7490 N,
The latter integrated circuit consists of a chain of 4 flip-flops that can be used
as a 2:1 and a 5 :1 frequency divider ( Fig. 9¢ ).

If the original Texas Instrument’s types are not available, the following table
lists equivalent types of other companies:

Texas Instr. AEG-TFK  National Siemens Sprague Transitron
Semicond,

SN 7400 N TG 7400 N DM 8000 N FLH 101 SN 7400 N TG 7400 E

SN 7430N TG 7430 N DM 8030 N FLH 131 SN 7430 N TG 7430 E

SN7490 N TG 7490 N DM 8530 N FILJ 161 SNT490 N TG 7490 E

National Semiconductor also uses the same SN-type numbers as Texas Instru-
ments in addition to the DM designations,
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9. AVAILABLE PARTS

The printed circuit board DJ 4 BG 004, various individual components and a kit
are available from the publishers or their national representatives; please see

advertising page.

10. REFERENCES

(1) D.E.Schmitzer: Plug-in Modular Equipment
VHF COMMUNICATIONS 3 (1971), Edition 2, Pages 107-109

(2) D.E.Schmitzer: Basic Digital Circuits
VHF COMMUNICATIONS 3 (1971), Edition 3, Pages 150-155

(3) Texas Instruments: Series 54 Crystal Controlled Oscillator
The Network News, No 102 ( 22, Dec.1966 )

(4) H.G6tting and D, E, Schmitzer: A Transistorized Calibration Spectrum
Generator for Two Metres

VHF COMMUNICATIONS (2) 1970, Edition 1, Pages 41-44

NOTES AND IMPROVEMENTS TO THE DC 9 MD
MINI WALKY-TALKY

Several improvements have come to the notice of the publishers which have
been evaluated,

1. PRINTED CIRCUIT BOARD

The manufacturer of the printed circuit board DC 9 MD 001 unfortunately use
the old, preliminary drawing for printing the board, A number of these printed
circuit boards were delivered before the fault was noticed, These printed circuit
boards have two errors:

a) The emitter of transistor T 50 is not grounded; a small solder bridge is
necessary.

b) The resistors R 30, R 31, R 32 and capacitor C 43 in the vicinity of trans-
istor T 8 must be soldered as shown in the diagram to the conductor lanes
which are somewhat different than the printed plan. The diagrams of the
printed circuit board given in Edition 2/1971 are correct.

2, SEMICONDUCTORS

In some cases, it has been noticed that the receive oscillator (T 6) does not
oscillate strong enough or not at all when using the given transistor BC 108
( low conversion gain and thus reduced sensitivity of the receiver ), The reason
for this is the low collector current of this stage which causes too low a transit
frequency., Transistor types BF 224, 2 N 918 or other RF transistors are pre-
ferable, It has been found that diode 1 N 4148 is more suitable for frequency
modulation of the transmitter than the older type 1 N 914,
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3. COIL DATA

L5 : 28 turns of 0.2 mm dia. ( 32 AWG ) and not 0.4 mm dia. ( 26 AWG)
enamelled copper wire,

L 51: 3 turns of 0.8 mm dia, ( 20 AWG ) instead of 1 mm dia, (18 AWG )
silver-plated copper wire,

4. CAPACITORS

The transmitter can be aligned more easily when a lower capacitance type is
used for C 58 (e.g. 3.5 - 13 pF ).

It is preferable for capacitor C 14 to be 15 pF instead of 20 pF so that the first
IF transformer IF 1 is not loaded too greatly, Otherwise, it is sometimes diffi-
cult for the four intermediate circuits ZF 1 to ZF 4 to be aligned to a common
frequency.

5. INTERCONNECTIONS

Some screened cables seem to be unsuitable for connecting the transmitter out-
put and receiver input, Too thin a microphone cable should not be used,

6. MICROPHONE

The original microphone type MM 21 ( Sennheiser ) is no longer manufactured,
Type B.4-22 ( Beyer ) is designed for noise compensation when installed in a
headset. After mounting into the casing of the walky-talky, it was found that
the response was rather muffled. This effect can be avoided by covering the
rear of the microphone with a soft adhesive material.

7. SENSITIVITY

Too low a sensitivity can, as previously mentioned, be due to the fact that the
local oscillator of the receiver is not providing enough voltage, Another means
of increasing the sensitivity is by reducing the value of the emitter resistor
R 1 of transistor T 1 to 6802 - 820 Q.
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STRIPLINES FOR VHF AND UHF
by K.Hupfer, DJ 1 EE

The following article describes how stripline circuits can be designed easily
and with sufficient accuracy. Basic principles are to be given for the dimen-
sioning of striplines of the required impedance, inductivity or capacitance,

1. GENERAL

The electronics industry have been using the well-known printed circuit boards
for some time now. Of course, at low frequencies, the whole aim of this tech-
nique is to provide interconnections in the most economical and reliable manner.
This has resulted in great space savings since the wiring is limited to a single
plane under the components. Furthermore, the stability of the wiring has been
increased considerably. One only has to consider an oscillator and the frequency
variations that would be caused by slightly shifting the wiring.

However, the following considerations are to be limited especially to the elec-
trical behaviour and application of stripline circuits in the frequency range of
100 MHz to 4 GHz and to show how lines and matching networks can be manu-
factured with the correct impedance.

2, IMPEDANCE

The impedance Z of a radio frequency line ( balanced or coaxial cable ) is de-
fined by its inductivity and capacitance per unit of length. If the line losses
are n eglected, the impedance Z can be calculated according to the following

equation:
L (H
Z 0 = —[—L

(2 =) CF)
Coaxial cables are preferred for the transmission of RF-energy due to the good
screening and unbalance to ground and because most amplifiers are built up in
a non-symmetrical configuration. Figure 1 shows the equivalent circuit diagram
of a coaxial cable,

oy
T T T T,

—————

Fig. 1: Equivalent circuit diagram of a coaxial cable

o

Figures 2a to 2e illustrate several mechanical forms of RF-lines. The transition
from coaxial cable to stripline can be followed step-by-step from .a to e. By
adding a material with a high relative dielectric constant g€, and shifting the
inner conductor, the line shown in Figure 2¢ is modified to a configuration as
given in Figure 2d. One can imagine that virtually the whole RF-energy is
confined within the space limited by the two conducting surfaces A and B, If
the relationship of H/h is great enough, walls A , C and D can be neglected,
which will result in a stripline as shown in Figure 2e having approximately the
same RF-characteristics as a coaxial cable, The impedance Z is dependent on
the dimensions w, h, d and B as well as on the relative dielectric constant € .
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Fig. 2: Transition from coaxial cable to stripline

The calculation of the resulting impedance Z is complicated in comparison to
the simple build up of the line in Figure 2e. The practical designer therefore
uses a graphic representation from which the dimensions required to obtain a
given impedance can be calculated easily. An error of 5% is still acceptable.
Figure 3 gives a family of curves from which it is possible to read off the
impedance Z of the stripline as a function of the dimensions w, h and the re-
lative dielectric constant & .

The base area of the stripline ghould have a minimum width of B ¥ 3w for an
undisturted transmission of the RF-energy., However, this is only valid for low
imgedancea of up to 5002, At impedances of 70 2 to 120 2, the width should be
B ¥ 10w. If this rule is followed, no unwanted coupling will be made to other
circuits.
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Fig. 3: Family of curves for the impedance Z of a stripline as a function of w, hand £
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It is advisable to keep the thickness h as small as possible. The lower disper-
sion of the field lines results in less coupling to other circuits. In addition
to this, the surface currents on the outsides of both conductors ( stripline and
ground ) will be reduced and with it the loss.

The relationship d/h is also of importance for the exact determination of the
impedance Z., With the materials used in our example with h = 2 mm and
d~35u, d/h € 0.5 and need no longer be considered. This means that the
curves given in Figure 3 are sufficient for determination of the impedance Z
of a stripline,

The calculation of the impedance Z of a stripline is now to be described with
the aid of an example: A 50 22 line is to be manufactured on a double-coated
PC-board having the thickness h = 1,6 mm,

What are the widths of the stripline and the base area? A value of € = 5 can
be assumed for epoxy PC-board material.

The required values are found in the graph by following the 50 £2 line on the
vertical scale of Figure 3 until the intersection with the g, = 5 curve. The
relationship of w/h = 1,80 can then be read off on the horizontal scale,

The result is: w=h x 1.8 = 1,6 x 1.8 = 2,87 mm

This means that a 2,87 mm wide stripline must be etched onto the printed cir-
cuit board. The base area width should be approximately 3 x 2,87 s 9 mm.
This means that other lines and circuits should be spaced at least 4.5 mm
from the stripline in our example,

2.1. TRANSITION: STRIPLINE TO COAXIAL LINE

A 50 2 coaxial connector ( e.g. BNC) is to be connected to a 50 2 stripline
at low impedance-discontinuity, If the transition is made as shown in Figure 4,
a standing wave ratio of less than 1.2 will be obtained for frequencies up to
5 GHz,

Conductor lane A

Inner conductor of
1 the coaxial socket

Coaxial
socket

SASSIS AL

Fig. 4: Low-discontinuity transition between stripline and coaxial connector

The hole "a'" on the ground side of the board in Figure 4 may not be as great
as the inner diameter of the outer conductor of the coaxial connector. A good
approximation is a/c & 1,5,
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2.2, PLANNING THE CONDUCTOR LANE

As mentioned in Section 2, the dimensions of the base area are given as
B & 10w. No other lines may be located within this area,

As can be seen in Figure 4a, the corners are deleted when the conductor lane
is bent by 80° on the PC-board. This is because strong electrical fields would
otherwise be present which would have the same effect as increasing the line ca-
pacitance C'! ( Fig. 1 ). By cutting the corners diagonally, a certain compensa-
tion occurs which allows a SWR & 1,05 : 1 to be obtained.

3. RESONANT LENGTH OF THE LINE

It is well known in transmission line theory that the propagation speed at
€r > 1 no longer corresponds to ¢ but is to the value of /Y€, less. This
means that the mechanical length of a line is by factor I/fZ less than the
wavelength A,

Example: A A/2 loop is used as balun, If air was used as dielectric,
the following would be valid at 1,3 GHz:

A= S o 3000000  _ km_,
f 1300 s x GHz

and A/2 = 11,5 cm

= 0,23 m or 23 em

However, if RF-cable is used with g, = 2.3 the mechanical
length of the A/2 loop is only:
A2 x -—&? = ﬂzs‘ﬂ = 7.9 cm

This calculation of the resonant wavelength is only valid for the triplate type
of striplines ( Fig. 5). In this case, the whole volume of the RF-line is filled
with the dielectric which means that the same conditions exist as for coaxial
cable with plastic dielectric,

Fig. 5: Triplate stripline

This is not valid for the striplines shown in Figures 3 and 4, As can be seen
in Flgure 2e, not all field lines are completely within the dielectric. The mag-
nitude g/, r used for the calculation of the resonant length of the llne is only at
very small spacings corresponding to € . In all other cases, ar € Eyp. This
results in a resonant line length Ag} that is between Agy = 1 and Ag,.

Two curves are given in Figure 6 for practical purposes from which it is
possible to determine the resonant line length 1 as a function of the construction
w/h and the dielectric constant &y

The use of this diagram is to be explained with the aid of an example:
Required is a A/4 transformer for matching a transistor to a source impedance
of Z = 500,

Rpp ( assumed to be real ) = 150 2; Zgoupce ® 50 92; [ = 432 MHz,

The impedance of the A/4 line is calculated as follows:

Z = YRBE x Zgource = V50 x 150 =17500 = 86,60
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If the stripline is to built up on a double-coated PC-board material of
£y = 5.0, a ratio of w/h A2 4.8 will result.

If the dielectric is 1.6 mm thick, the stripline will have a width of
w=4,8x1.6= 7.7 mm,

The curves given in Figure 6 allow the required length 1 to be determined:

AsL

Ao
At €, = 5 and w/h = 4,8, a 0,55 X, is obtained for Agp,/Ao. The resonant
wavelength with air dielectric (g€ = 1) amounts to 70 ecm,

. r(crl haw)

The length of the A/4 stripline is:
ASL_ _ 0.55 xAg _ 0.55 x 70

1 = 1 ) 3 = 9.6 cm
§ Al o
- "0
09
-llll-..___- -J* e-I'
__-'""--.
0.8 ——] n
Erﬂ:z
0.7
——— .
—
. --.--.-.l-.... —
-.._-‘.
S E— — =5
Stripline wavelength A.,y/ipiine "'I‘L‘H--.._
0.5 -.hmﬂmdr and £,
w -
F |
[1¥] 3 “© 5 68 7 0 1 3 & 5 6 7890 2

Fig. 6: Stripline wavelength as a function of the magnitudes of w/h and the dielectric constant £ ,
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4. REACTIVE IMPEDANCE OF A STRIPLINE
4.1, INDUCTIVITY AND CAPACITANCE

As can be seen in Figure 1, an RF-line can be assumed to be an LC-circuit,
A piece of line having a length of 1 & A/8 is equivalent to a Tor T-circuit as
shown in Figure 7, The inductivity L. and the capacitance C can be calculated
as follows:

2 2 fl
T T, sine

whereby v is the velocity of electromagnetic waves,

Lﬂ-'

L Ur Uy
Cy = T Cy Fig. 7: Equivalent circuits
- e - -

Fig.7a: X -circuit  Fig. 7b: T - circuit

As already mentioned, only lengths of 1 & A/8 are to be considered, A simple
equation can be given for the circuit:

L-Ln---zl%x——l {v-fr—l
! o

whereby ¢ is the speed of light (3 x 10'? cm/s)

In the c;‘u oflthe T-circuit, the following is valid for the inductivity L‘r H
= X .
i v
From the two equations and Figure 7 it can be seen that: Ly = 2 L‘f-r- ‘

The capacitance components C‘;I' and Cp can also be calculated for short lengths
of line:

1 1
Z x 2v Cr * ZTxv

This means that Cp =2C7 .

Cr =

For RF lines of Z > 6012, the value Cfr can be neglected in the equivalent
circuit given in Figure 7 providing that the source and terminating impedances
are not too great. It may be necessary for it to be included in the calculation
in some cases, which is usually possible,

As an example, the Lgpand C;rvnlues occuring with a line of 1 = A/16 at 1206
MHz and an impedance of Z = 10052 (Ep = 1) are to be calculated, At a wave-
length of 23 em ( 1206 MHz ), A/16 corresponds to approximately 14,5 mm,

Zxl . 100 () x 145 (mm)

br = = 3 x 1017 SR
C* = 1 = 145 ‘mm] L 0.23 pF

Z x 2v 100 x 2x 3 x 101!
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+j L08R 5

Fig.8: Ly{ and Co values
for a stripline at 23 cm

Fig. 8 a: Exact equivalent circuit Fig. 8 b: Simplified circuit

The circuit as shown in Figure 8 results at 1.3 GHz for the 14.5 mm of 100 Q
line, The inductive and capacitive impedances are given for comparison,
Since the capacitive impedance is approximately ten times greater than the
inductive impedance it can be neglected with conventional transistor circuits.
The result is the simplified equivalent circuit given in Figure 8b,

An impedance of approximately 120 22 is advisable® for construction of induct-
ances in the stripline technology. The value of Cqrwill then be negligible, The
length 1 in mm for any required inductance value is given by:

L xv
1 Zg

whereby: Zo is the impedance in 2 with €. = 1; v = 3 x 1010 em /s,
The inductance L is given in nH,

This equation is given in the form of a graph for practical use ( see Fig, 9 ).
The impedance Z, is already contained in the ratio w/h so that it is possible
for the dimensioning to be made immediately.

The previous example is now to be checked according to this curve:

The assumed impedance of Z, = 100 2 requires a w/h ratio of 1,65, The ver-
tical line corresponding to this ratio is followed until the curve is met. The
inductance value is read off on the vertical scale; in the case in question it is
3.4 nH/cm. At a length of 1 = 14,5 mm, the inductance L is:

L= 3.4 S X 1.45cem = 4,95 nH & 5 nH.
cm

It can be seen from the previous details that g . is of no importance to the
inductance of such short lines,

A practical example is now to be given where a transistor is to be matched
a circuit: A power transistor for an output power of 6 W at 432 MHz exhibits
a complex base-emitter resistance Rpp of approx. 21 + j3 Q ( Fig. 10 ).

Output
network

l 5 Fy =6W

Stripline T
Rg =508 c1 LT
- -

Fig. 10: Matching a transistor circuit via a stripline to a source impedance of 50 £)
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Fig. 9: Determination of the inductance L from the relationship w/h

- 214 -



The low, complex base-emitter impedance of transistor T 1 is to be transformed
to the source impedance Zg of 50 2 with the aid of circuit elements Ly, C 2
and C 1. The required inductance is to be provided with a stripline of the im-
pedance Z and the length 1.

The values of C1, C 2 and L are determined as follows:

The impedance - admittance diagram shown in Figure 11 can be used, The
basic values Rgg = 2+ j3 9 and Zg = 50 Q are standardized at 10 2 in order
to work with the diagram. Rgg is then: 0.2 + j0.3Q and Zg is 50,

It is now necessary to transform 0.2 + j 0.3 §i to 5 f2, This is shown in Fig. 11,

Xy, is determined as : X| .. = 8.09

o Xrar G 11 I
L e~ " Tmx 432 (M) $am

v.A,

Fig 11:
Transformation process of the matching
circuit (standadized) in the form of a
-J conductance diagram

An inductance of L. = 3 nH is obtained, according to the previously mentioned
representation in Figure 9, at a w/h ratio of 2 and a length 1 = 10 mm. The
mechanical dimensions of Lqpare thus known.

If the calculation of the circuit elements for the matching network is continued,
the following values are obtained for the trimmer capacitors: C 2 = 10 to 20 pF
and C1 = 5 to 20 pF. It will be seen that Cﬁ- in the equivalent diagram of the
stripline shown in Figure 7 has no influence,

4,2, CAPACITANCE

As was already mentioned in Section 4.1., a stripline can also be used to form
capacitance, According to the equivalent diagram the following is valid:

c 3 1 _1ngﬂ
T Z xv Zog x C

If Z is very low ( wide stripline and high & . ), CT will be great, Z-values of
approximately 10 £2 are normally used for forming capacitance in the stripline
technology. The unwanted line inductance l.'-I- in Figure 7b will then be negligible.
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As was previously mentioned, not all lines of flux run within the epoxy-glass
fibre material, This means that a mean dielectric constant g y eff must be em-
ployed that is smaller than £,. Only in this case will it be possible for a
calculation to be made, However, £, ofr i8 dependent on the ratio w/h, It ig
therefore advisable for the capacitance of a stripline to be determined graphi-
cally for a given £ .. as was also the case on determining the inductance of the
stripline, The capacitance per unit of length for £ , = 5 is given in Figure 12,
The capacitance of a stripline of Z = 2092 (w/h = 7,2) and 10 em in length
is to be determined as an example, The stripline is accommodated on a double-
coated epoxy board with an £, = 5. With the aid of the curve given in Fig. 12,
a capacitance of 380 pF/m is obtained for a w/h value of 7.2 on the horizontal
axis, A stripline length of 10 cm therefore provides a "printed capacitance" of
38 pF. This last example shows that it is only possible for relatively small
capacitance values to be obtained when using normal thickness of PC-board
material., Greater capacitance values can only be obtained using thinner PC-
boards or larger areas in the case of normal boards. Anyway, it is usually
necessary for variable capacitors to be used in conjunction with printed induct-
ances in order to align the circuits to resonance at VHF and UHF. In most
cases, printed capacitances are not required or are not absolutely necessary, and
striplines need only be dimensioned for the required impedance and inductance.
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Fig. 12: Capacitance of stripline as a function of the relationship w/h
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SIMPLE 70 ecm TRANSVERTER FOR PORTABLE EQUIPMENT
by J. Reithofer, DL 6 MH

Two meter portable transceivers can be extended for operation on the 70 ¢m
band with the aid of this transverter. The transmit signal is tripled with the
ald of a varactor diode which is able to handle CW, AM and FM signals ( re-
duce the frequency deviation of FM ), The same varactor diode is provided
with a 288 MHz crystal-controlled signal in the receive mode so that it operates
as a mixer diode and converts the 70 em input frequencies to an intermediate
frequency band of 144 to 146 MHz, All operating modes can be received on the
receiver for which it is equipped ( even SSB ).

A similar transverter has already been described in (1). The described trans-
verter is built up on a printed circuit board so that the construction is greatly
simplified. Coaxial line circuits are somewhat difficult to manufacture and have
been avoided in this case by using printed stripline circuits, When using the
economic tuning diodes of UHF television tuners, a peak power of 3 W can be
handled, With amplitude modulation, the unmodulated carrier level should
amount to a quarter of this.

Approximately 30 to 40% of the input power is available on the 70 em band.
The sensitivity of the receiver corresponds to this power level, From pgood
locations, communication has been made using a 4-element antenna to stations
located more than 150 km away. The described transverter is extremely suitable
for portable operation and the operator will be surprised how many stations can
be worked with it.

Of course, the transverter is also suitable for local contacts, The main idea
of this article is to assist VHF amateurs to become active on the 70 ¢em band,

Figure 1 shows the author’s prototype with the cover removed.

Fig. 1: A photograph of the 70 cm stripline transverter

- 217 -



Fig. 2: Circuit diagram of the 70 cm transverter

1. CIRCUIT DETAILS

The circuit diagram of the 70 cm transverter is given in Figure 2. The varactor
tripler will be seen upper left with a matching network tuned to 144 MHz (C 1,
C2and L1), a 432 MHz stripline bandpass filter (C5/L 4 and C7/L §5) at
the output, and the idler circuit ( L 2/C 3 ). The idler circuit is tuned to the
first harmonic of 144 MHz, e. g. 288 MHz, where it represents a series resonant
circuit shorting this frequency to ground. This virtually suppresses this un-
wanted frequency. In addition to this, the high short circuit current at 288 MHz
improves the efficiency of the tripling process.

In the receive mode, varactor diode D 1 receives a local oscillator frequency
of 288 MHz via the idler circuit, This means that the 432 MHz input signal is
mixed with the local oscillator signal of 288 MHz so that an intermediate fre-
quency of 144 MHz results. The auxiliary frequency is taken from a transistor
oscillator which is controlled from a 5§57.6 MHz crystal. The resonant circuit
at the collector ( L 6/C 9) is connected to a varactor tripler via the small
capacitance of C 8, This tripler operates in a similar manner to the tripler
in the transmit branch but is, for simplicity, not provided with an idler circuit.
If a 57.6 MHz crystal is used, the oscillator frequency will be multiplied five
times. On the other hand, if a 96.0 MHz crystal is used it will only be ne-
cessary for the frequency to be tripled, The parallel circuit comprising induct-
ance L 3 and trimmer capacitor C 4 is inductively coupled to the idler circuit.
This parallel circuit is tuned to 288 MHz immaterial whether a 57,6 MHz or a
96.0 MHz crystal is used. It is only necessary for the resonant circuit of the
oscillator ( L 6/C 9 ) to be modified to suit the crystal frequency. The tpans-
istor oscillator only requires 8 to 12 mA which means that it can continue to
oscillate in the transmit mode, Since the 70 em antenna is connected to the
432 MHz output/input, it is only necessary for the 2 m station to be switched
between transmit and receive.
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Fig. 4: Metal casing for the 70 cm transverter
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2, CONSTRUCTION

The whole transverter circuit is built up on a single-coated printed circuit
board having the dimensions 130 mm x 75 mm. Figure 3 shows this printed
circuit board and the location of the components, The PC-board has been de-
signated DL 6 MH 001. The completed printed circuit board is accommodated
in a simple aluminum case whose dimensions are given in Figure 4.

An U-shaped cover, which is not shown, can be used to enclose the unit, A
note to the ground connections is deemed necessary: Although the ground surface
of the printed circuit board is grounded via the four mounting screws to the
metal casing, it is necessary for an additional, low-inductive ground connection
to be made to the two coaxial sockets, This is done by placing a piece of silver-
plated copper wire around each coaxial socket and fixing it under the appropriate
nut. Both ends of the wire are connected in the shortest possible manner to the
ground surface of the printed circuit board, and without bend.

2.1. SPECIAL COMPONENTS

T 1:2 N 918, 40 405, 40 519 ( RCA)
D1, D 2:BA 149 or BAY 70 ( AEG-Tfk ), BA 110 (ITT-Intermetall), 1 N 5462 A
Crystal: 57,600 MHz or 96,000 MHz in HC-6/U or HC-25/U holder

Inductances L 1, L. 2, L3, L6 are made from 1.0 mm to 1.3 mm diameter
(16-18 AWG ) silver: plated copper wire, Turn spacing = wire diameter. Self
supporting.

: 5 turns on a B mm former
: 4 turns on a 6 mm former

: 3 turns on a 6 mm former, coil length extended to 17 mm

: 12 turns on a 8 mm former (9 turns with a 96 MHz crystal )
and L 5: are printed striplines

Ch 1: 5-10 uH ferrite choke ( Delevan ) or ferrox beads with approximately
5 turns of approx, 0.2 mm ( 32 AWG ) enamelled copper wire pulled
through in the longitudinal direction.

Cl1l, C2 and C 9: 2-13 pF air-spaced trimmer
C3 C4, C5 and C7: 1.7 - 6 pF air-spaced trimmer

Two BNC coaxial sockets for single hole mounting ( UG 1094 /U ).

3. ALIGNMENT

The alignment is commenced with a preliminary alignment of the transmit
branch. A good terminating resistor or 70 em antenna, as well as RF output
meter are required, The reflectometer described in (2) is very useful, A 70 cm
bandpass filter, e.g. (3) connected between the transverter and the reflecto-
meter simplifies the alignment considerably. After this measuring arrangement
has been set up, it is only necessary for trimmers C1, C2, C3, C5 and
C 7 to be aligned for maximum reading. If a bandpass filter is not available,
it will be necessary for a dip-meter tuned to 288 MHz or an absorption wave-
meter to be used to check whether it is this frequency that is present at the
output, If this is the case, it is necessary for the transverter to be aligned
so that the output power is available at a different position of trimmers C 3,
C5 and C1T.
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A weak 70 cm signal ( harmonic of a 2 m transmitter or a crystal oscillator
fed to the input via an attenuator and, if possible, a bandpass filter ) is used
for the alignment of the receive branch, It is important that the signal only
reaches the transverter via the antenna input socket and not directly, The
57.6 MHz oscillator is aligned with the aid of the dip-meter. If the 96.0 MHz
crystal is used, the signal can be checked on a VHF-FM broadcast receiver,
The oscillator must commence oscillation immediately on connecting the operat-
ing voltage, If this is not the case, the resonant circuit should be tuned with
the aid of trimmer capacitor C 9 on the flat resonant slope. After this, the
288 MHz ecircuit should be tuned with trimmer C 4 for the best reception of a
70 em signal which is continuously reduced in strength. The idler circuit with
C 3 as well as the 432 MHz and 144 MHz circuits require a fine alignment.
Finally alternate tuning in the transmit and receive modes should be made to
find the best compromise. It may be advisable to finally align for best reception
since the small loss of transmit power is not noticeable in practice,

4. REFERENCES

(1) L.Wagner: 144 MHz /432 MHz Transverter for Low Power and Field Day
VHF COMMUNICATIONS 1 (1969), Edition 1, Pages 32-35

(2) R.Griek: Simple Stripline Reflectometers for 144 and 432 MHz
VHF COMMUNICATIONS 3 (1971 ), Edition 2, Pages 89-92

(3) J.Reithofer: A Stripline Bandpass Filter for 70 cm
In this edition of VHF COMMUNICATIONS

INEXPENSIVE "VARACTOR DIODES" FOR FREQUENCY MULTIPLIERS

It was mentioned at the 1971 annual UHF-SHF Amateur Meeting in Munich,
West Germany that several amateurs were successfully using overlay power
transistors instead of varactor diodes in frequency multipliers, Since only the
collector base diode is used, it is even possible to use transistors whose base-
emitter diode has been destroyed and are therefore useless for their normal
applications, Up till now, it is mainly transistor types 2 N 3375 and 2 N 3632
that have been used in frequency triplers from 144 MHz to 432 MHz, In the
case of the 2 N 3632 input power levels of up to 10 W are possible,

Fundamentally speaking, all overlay transistor types should be suitable for re-
placing varactor diodes with input power levels in the order of the normal out-
put power, and the multiplied output frequency as high as the usual operating
frequency. The emitter remains unconnected; either the base or collector is
grounded low-inductively using a metal strip,

Using this principle, it is possible for stripline triplers such as (1) and (2) to
be constructed for higher power levels even if the original diodes, e, g, 1 N 5149
or MV 1806 ( Motorola ), BAX 11 ( AEG-Telefunken ), MA 4952 or MA-4953
( Microwave Associates ), or BXY 14 F ( Siemens ) are too expensive,
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STRIPLINE BANDPASS FILTER FOR 70 em
J. Reithofer, DL 6 MH

by

It is very advisable for a 70 cm bandpass filter to be placed after varactor
triplers and previous to the driver or power output stage in SSB transmitters
in order to suppress subharmonic, harmonic ‘and spurious [requencies, The
two=-circuit bandpass filter described here is extremely easy to construct since
printed stripline circuits on an epoxy printed circuit board are used, As can
be seen in Figure 1, it is only necessary for two trimmers to be soldered onto

the PC-board and for two coaxial sockets for input and output to be connected.
small casing made from aluminum plate or

The filter is accommodated in a
PC-board material,

Ly

Fig. 2: |
Pas_sband curve of the
2-circuit bandpass filter Fig. 1: Photograph of the stripline filter for 70 em
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Fig. 3: Printed circuit board DL 6 MH 002 of the 432 MHz filter
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The effectiveness of the filter can be seen by studying the passband curve in
Figure 2, Two-meter signals are suppressed by more than 30 dB and their first
harmonics at 288 MHz by approximately 20 dB, The first harmonic of the 70 em
band at 864 MHz will be suppressed by approximately 30 dB. The insertion loss
amounts to approximately 2 dB which can easily be compensated for by the
linear amplifier stages of a SSB transmitter,

The printed circuit board is designated DL 6 MH 002 and has the dimensions
100 mm long by 50 mm wide, The printed circuit board and component location
are shown in Figure 3. The trimmers have a capacitance of 1.7 - 6 pF ( or
less ). Air-spaced trimmers are used from which it may be necessary to re-
move one stator plate.

4
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Fig. 4: Dimensions of the casing
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After soldering the trimmers into place, the printed circuit board is built into
a casing in which the coaxial sockets have already been mounted, Figure 4
shows the required dimensions. The printed circuit board should be spaced
5 mm from the floor of the case, Metal spacing bushings or nuts are used for
this, Although the ground surface of the printed circuit board is grounded via
the mounting screws, it is necessary for additional, low-inductive ground con-
nections to be made between the coaxial sockets and the connection points
marked on the printed circuit board. This is made by screwing a piece of
silver-plated copper wire securely to the coaxial socket and soldering the ends
to the ground surface of the PC-board. BNC sockets for single-hole mounting
( UG 1094/U ) are suitable, The filter is enclosed by adding a U-shaped cover,

For alignment of the filter, it is necessary for the output power of a 70 cm
transmitter to be indicated between the filter and a terminating resistor ( an-
tenna ). The reflectometer described in (1) can be used for this. The trimmers
of the bandpass filter are aligned for maximum RF power. Finally, it should
be pointed out that any impedance variation differing from those existing during
the alignment will more or less load the filter circuit, or will detune it if the
termination is not real. This can cause the insertion loss to increase consider-
ably. The filter should be aligned in the circuit in which it is to be used.

REFERENCES

(1) R.Griek: Simple Stripline Reflectometers for 144 and 432 MHz
VHF COMMUNICATIONS 3 (1971), Edition 2, Pages 89-92
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AN AUDIO-FREQUENCY RTTY-CONVERTER
by Dr.A,Gschwindt, HA 8 WH

This RTTY converter was mainly designed by the author for reception of the
AFSK ( audio frequency-shift keying ) telemetry of OSCAR 6. However, the
small transistorized unit is equally suitable for reception of amateur RTTY
signals. It is hoped that OSCAR 6 will be launched during 1972 but there is
still no confirmation of this.

1. PRINCIPLE OF OPERATION

The RTTY converter consists of two independent modules:

a) Digital FM discriminator

b) AF-filter
The digital discriminator ( HA 8 WH 001 ) allows to receive and resolve any
frequency shift between 100 Hz and 1.3 kHz without a bandpass filter.
The separate audio filter (HA 8 WH 002) is provided to suppress the interfering
noise power outside of the useful pass band. The two filters are designed to
allow a pass band at 2125 Hz and 2875 Hz, matching it to the most common
frequency shift of 850 Hz.

The block diagram of module a) is given in Figure 1, The AFSK-signal to be
decoded will be within one of the two audio frequency bands 900-2200 Hz and
1700-3000 Hz, Two circuit configurations have been designed to match these two
AF -bands,

The audio output signal from the receiver is limited, amplified and limited again
in order to obtain a square-wave signal of constant amplitude, This signal is
now fed to the input of the digital FM discriminator which consists of two main
circuits: a) differentiating network and limiter, b) integrating circuit.

The output voltage of the FM discriminator is linearly dependent on the frequen-
cy of the input signal. Two different types of discriminator can be used in this
RTTY -converter., The one given in the complete circuit diagram operates in the
audio frequency range of 900-2200 Hz, The circuits are to be described in more
detail when covering each individual module,

The discriminator is followed by a post-detection filter to eliminate any residual
jitter originating from the input signal and to provide an optimum bandwidth for
the RTTY -pulses, The output signal to-noise ratio is improved in this manner,
After filtering, the signal is fed to the limiter after which the limited signal
is amplified in DC-coupled stages. The output stages of the amplifier operate
as electronic switches for driving the relay of the RTTY machine.

o— :lumsﬂll LIMITERD 3.0 4 DIFFERENTIAL INTEGRATING Lo\n-n\ub ?MP.I;I;IERU
od AMPLIFIERT 2 ] NETWORK o{ OPERATIONAL o] FILTER AN L3
AMPLIFIER EMITTER AND AMPLIFIER DoANDDT [
DYLDZANDTY FOLLOWER T3 LIMITERD & T&TE
HA B WH 001

Fig. 1: Block diagram of the digital discriminator module

INPUT BUFFER BANDPASS EMITTER EMITTER ouTRUT SWITCHED
O——ad  AMPLIFIER | FILTERS &1  FOLLOWER &1 FOLLOWER _"‘roumrh AMPLIFIERS
110 2126 Me - 2075 He ™ T2 TEANDT
HA B WH 002
Fig. 2: Block disgram of the filter module TO TELEPRINTER
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A switch is provided for switching the polarity of the DC output signal. It is
therefore not necessary to tune the BFO of the receiver to the other side of
the received signal.

The block diagram of the audio frequency filter ( HA 8 WH 002 ) is given in
Figure 2, The audio signal from the receiver is fed to a buffer which drives the
bandpass filters tuned to 2125 Hz and 2975 Hz respectively. The filter is follow-
ed by two emitter-followers which feed the signal to the FM-discriminator,

2, CIRCUIT DETAILS
2,1. DIGITAL FM-DISCRIMINATOR

The circuit diagram of this module is given in Figure 3. The minimum input
voltage for correct operation is 1 Vimg+ The source impedance should be in
the order of 600 2. Since fading often occurs on the received signal, it is very
useful to increase the level of the input signal even up to 8 V-10 Vg

Diodes D 1 and D 2 are limiters to maintain the input signal at 1.4 V . Trans-
istor T 1 is a class A amplifier which is provided with a second leFer at the
output (D3, D4),

The limited signal has satisfactory rise-time/fall-time characteristics but the
amplitude is very low, Transistor T 2 now amplifies the square-wave signal
and passes it to the emitter-follower T 3 which in turn feeds the differentiating
RC network, The actual demodulation process is described in detail in (1).

It was mentioned previously that the discriminator is operative in two frequency
bands., With the components given in Figure 3, the useful frequency band will
be 900 Hz-2200 kHz. Some voltages and waveforms are given in Figure 4,
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Fig. 4: Signal waveforms at various points of the discriminator module. With curves A to F, the input
signal is sinusodial at 1.6 kHz; curves G to K the AFSK-signal is modulated with a 26 Hz
squarewave signal, 850 Hz shift.
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After differentiating and removing the negative pulses, the signal is fed to the
integrating circuit comprising transistors 1T 4 and T 5. The time constant of
this integrating amplifier is dependent on the speed of the transmitted infor-
mation, In the 50 Baud mode, the highest square-wave frequency originating
from an RTTY machine will be 25 Hz,

It would be advantageous to use a long integration time. However, if the inte-
gration time is too long the information will be lost, The dimensioning of the
circuit has been chosen to be suitable for the mentioned parameters,

Whilst designing the converter, one attempted to obtain the same sensitivity
for both the 900-2200 Hz and the 1,7-3 kHz discriminators, This is why the
components of the differentiating and integrating circuits vary in conjunction
with each discriminator. Figure 5 shows both configurations together with their
transfer characteristics.

«18V

N

N |§

.6 1 19 2 2.5 < 35
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Fig. 5: Two discriminator circuits together with their transfer characteristic

0
0

The integrating stages T 4 and T 5 are followed by a low-pass filter which
should possess the following characteristics: sharp cut-off and minimum wave-
form distortion, The bandwidth has been chosen which is suitable for a trans-
mission speed of 50 Baud ( 25 Hz square-wave ). The filter passes the third
harmonic of the 25 Hz-signal at 75 Hz which will be 3 dB down. The filter is
an L-type having minimum distortion of the waveform but no sharp cut-off
characteristic, The circuit and measured transfer characteristics of this filter
are given in Figure 6,
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Fig. 6: Low-pass (post detection) filter with transfer characteristic

The filter drives the series limiter comprising diodes D 6 and D 7, This limi-
ter is designed to determine the mean value of the discriminator and to keep
the input level for transistor T 6 constant. The pulses are then amplified in the
class A amplifier comprising T 6; the operating point is shifted in the emitter
circuit to match the DC levels of the limiter at the base of transistor T 6.
The amplified pulses switch the collector current of transistor T 7, The relay
of the RTTY-machine is directly switched by the electronic switch comprising
transistors T 8 and T 9, The given circuit provides a DC-voltage of 16 V which
is sufficient for the RTTY-machine used by us, If higher DC-voltages are re-
quired, the collector voltages of T 8 and T 9 can be increased up to the maxi-
mum permissible level,

The RTTY-machine represents an inductive load for the electronic switches,
The transistors could be destroyed on switching off due to the induced voltages.
In order to avoid this, a series RC-transient suppressor is connected to the
output of the electronic switches.

Switch "S" allows the polarity of the pulses to be inverted or for the RTTY-
machine to be muted with a constant stop-signal.
A stable, well filtered power supply should be used.

f —
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Fig. 7: Transfer characteristic of the filter module . l




2,2, AUDIO FREQUENCY FILTER

The circuit diagram of this module is given in Figure 8., The telemetry signals
from OSCAR 6 will be transmitted to ground in the A3-mode, The mark and
space signals will have a frequency of 2125 Hz and 2975 Hz respectively. It is
important to use as low a bandwidth as possible for reception in order to im-
prove the signal-to-noise ratio. The bandwidth is dependent on the speed (Baud),
of the RTTY-signal. A bandwidth of 70-75 Hz around the mark and space signals
will be suitable for 50 Baud,

The described filter has two pass band frequencies at 2125 Hz and 2975 Hz,
The same bandwidth and amplitude is required for both signals,

These conditions are fulfilled in our circuit using two parallel-tuned L.C -circuits
with the same capacity ( Fig, 8 ), This means that their resistance is equal at
resonance, Of course, their Q-factors vary: The Q-factor of the LC-ecircuit
tuned to 2975 Hz is 42 ( bandwidth 70 Hz ). In practice, a higher Q-factor can
be realized than is required in this application. The filters in question are
loaded with a variable resistor in order to maintain the required Q-factor.

The frequency response of the two filters is shown in Figure 7.

Transistor T 10 drives the two resonant circuits at a constant current and high
source impedance. The input level is controlled by potentiometer P 1, The input
signal must be maintained at a level that will not overload transistor T 10.
Required is an input vdltage of approximately 0.2 Vypgg. The high input impe-
dance of transistor T 11 ensures that T 10 is not loaded, The maximum output
voltage is 15 Vpp-
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Fig. B: Circuit diagram of the filter module
3. CONSTRUCTION

The RTTY-converter is built up on two separate PC-boards. HA 8 WH 001,
which is shown in Figure 9 accommodates the digital FM-discriminator,
The dimensions of PC-board HA 8 WH 001 are 82,5 mm x 182.5 mm. The audio
frequency filter is accommodated on PC-board HA 8 WH 002 with the dimensions
82.5 mm x 102.5 mm. This board is given in Figure 10.
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Fig. 10: Printed circuit board HA 8 WH 002 (filter)
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Fig. 11:  Component location plan for HA 8 WH 002



. COMPONENT DETAILS

T2 T3, T4, TS5, T6: BFY46, 2N 1711, 2N 1613
BC 160, 2 N 2905 A

, T9: 2N2218A, 2N 2219

0, T 12: BC 109

1: BF 244, BF 245

D 2: BAY 45, BAY 88, 1 N 4004

, D4, D5, D6, D7: OA1160, 1 N914, 1 N 4148
4
6

w

cere oo 99494
e LW p - m:—- — e OO =1 = e

4. ALIGNMENT

Connect the operating voltage to the discriminator module and check the DC-
voltages given in the circuit diagram ( Fig. 3 ). If these are correct, an audio

generator should be connected to the input of the discriminator and tuned over
the frequency range of interest, Plot the output voltage as a function of the
input frequency. The nominal curve is given in Figure 5. The magnet of the
teleprinter will be actuated when the centre frequency is passed.

If an oscilloscope is available, the curves given in Figure 4 can be checked
at the test points A to K.

The discriminator module is now ready for operation.

The most critical alignment for the low-pass filter is the accurate tuning and
loading of L. 3 and L 4, The fixed capacitance across these potted cores should
be identical; the frequency alignment is made by varying the cores.

5. REFERENCES

(1) D, E.Schmitzer: A Digital Discriminator Acessory for FM Demodulation
VHF COMMUNICATIONS 2 (1970), Edition 2, Pages 105-110

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 f(rom the publishers.
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A SIMPLE MODULATOR FOR FM-TRANSMITTERS
by K.P.Timmann, DJ 9 ZR

An AF-amplifier module is to be described having similar characteristics to
the FM-modulators of commercial mobile FM-gystems. The modulator requires
a minimum of components and is easy to construct. A circuit diagram of the
module {s given in Figure 1. The LC combination ( Ch 1/C 1) stops any RF-
voltage from reaching the input of the two-stage preamplifier; this stage is
followed by a balanced amplitude limiter comprising two silicon diodes which
are provided with a stabilized bias voltage. A passive low-pass [ilter compris-
ing potted inductance L. 1 and capacitors C 7, C8 and C 9 suppresses all fre-
quencies in excess of 3 kHz, The subsequent amplifier stage amplifies the li-
mited and filtered audio signal to a level suitable for modulation of varactor
diodes,
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Fig. 1

A special feature of this circuit is the feedback loop via an AF-resonant circuit
comprising potted inductance L 2: if connection point Pt 10 is connected to the
input Pt 2, the feedback loop will be closed and the circuit will produce a
2.5 kHz oscillation, This calling or test tone will only be generated if the in-
put ( Pt 2) is not connected to a low-impedance source, If a microphone having
an impedance of less than 200 ©2 is connected to the input, the feedback voltage
will be reduced to such a level that oscillation will cease and the modulator
will operate normally. This means that it is only necessary for the microphone
to be disconnected with the aid of a pushbutton contact when the calling or test
tone is required.,

Figure 2 illustrates the frequency response of the modulator module at low
voltage levels, It represents a typical frequency response necessary for FM
voice transmissions including the required pre.emphasis, The gain drops off
by 6 dB/octave at frequencies lower than 3 kHz and at 25 dB/octave toward
higher frequencies, With an infinite drive ( clipping ), the maximum output level
is obtained at B00 Hz; it is 1.2 dB ( 10% ) higher than the undistorted maximum
signal at 3 kHz,
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If the module is to be used for phase modulation or as a clipper for an SSB
transmitter, a low-pass link comprising a series resistor of 1 k{! and a pa-
rallel capacitor of 0,68 uF connected to the output of the low-pass filter in-

stead of P 1 will ensure that the linear frequency response is restored.
The modulator is accommodated on the printed circuit board DJ § ZR 009 with

the dimensions 55 mm x 62 mm. The board is designed as a plug-in card for
a 20 pole Amphenol connector of which only one of the two rows of contacts
is used, If another form of connection is required, the connections can be
soldered to the appropriate point on the contact strip. The photograph given
in Figure 4 shows the components and arrangement of the PC-board.
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L 1: 300 turns of 0.1 mm dia. ( 38 AWG ) enamelled copper wire
L 2: 270 turns as L 1 both wound on Siferrit-potted cores ( 14 x 8 mm )
Material: T 26, AL = 250; without holder, directly glued to the PC-board.

Ch1l: 22 uH ( or similar value ), miniature ferrite choke ( Delevan 1025-52 )
T1toT3: BC109C, BC 184 C, 2 N 3707 or similar

D1, D2; 1 N914 or similar D 3: 2.7 V zener diode

62 mm

All capacitors of more than 0.1 uF are miniature tantal electrolytics. Capa-
citors C2, C7, C8 and C 9 are plastic-foil types. All resistors are 7,5 mm,
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A TRANSISTORIZED POWER AMPLIFIER FOR 2 METRES
USING THE 2 N 3632

= Concluding second Part -
by H.J,Brandt, DJ 1 ZB

5. A PRACTICAL AMPLIFIER
5.1. A TWO-STAGE POWER AMPLIFIER

Figure 7 illustrates a 2-stage power amplifier for 2 metres that has been di-
mensioned according to the information given in Part I of this article., At an
operating voltage of 28 V, this power amplifier will provide an output power of
15 W. The required input power level is 450 mW,

Fig. 7: Two-stage power amplifier for 145 MHz (16 W at 28 V) -

The power amplifier is equipped with a transistor 2 N 3632 in the output stage.
Several different types are suitable for the driver transistor, however, the
most suitable with regard to power, simple mounting and cooling is probably
a 2 N 3375 transistor, Sufficient drive would also be provided by a transistor
type 2 N 3553, Type 40 290 can also be used if AM is to be operated at an
operating voltage of 12 V. If the amplifier is only to be used with amplitude
modulation, TO-5 cooling fins ( Wakefield Engineering Type NF 207 or 209, or
similar ) will be sufficient for cooling. With continuous CW or FM operation,
a better cooling will be required, especially when higher ambient temperatures
are to be expected. Beryllium or aluminum-oxide washers are available for
TO-5 cases with which the heat can be transferred from the casing to the
chassis. Of course, there are a number of different types of heat sinks that
can be used. The author used an anodised TO-5 heat sink type 1101 A for
screw-mounting manufactured by Jermyn. The use of this heat sink causes an
additional capacitance of nearly 20 pF between collector and ground, which the
described circuit is just able to handle, Of course, the additional capacitance
C/3 will then be deleted. In addition to this, it is advisable for inductance L 2
to be only wound with 2 turns,
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Both transistors are fed with a low bias voltage via the resistors in the base
current circuit (R1 or R 2 ), The value is selected so that a reduction of the
gain can just be noticed. The collector currents are filtered twice and are by-
passed with a capacitor for VHF and for low frequencies (C9 - C 12), Appro-
ximately 1.5 uF represent the upper limit for the total bypass capacitance {f
this circuit is to be modulated since the modulator works into an impedance
of only 30 Q2.

5.2, CONSTRUCTION

With power amplifier stages of this power category, the required cooling vir-
tually determines the construction. The author’s prototype was dimensioned for
continuous operation and is built up on a heat dink type KS 97-150-A of Auster-
litz, Nuremberg. A small aluminum casing ( Teko model 4 A ), in which the
actual circuit is accommodated, is mounted on this heat sink. The case is pro-
vided to ensure that the circuit is adequately screened, Figure 8 shows a photo-
graph of the author’s prototype.

1
-
~

Fig. 8: Photograph of the author's prototype

Heat-conducting paste ( e,g. type 120 Thermal Joint Compound of Wakefield
Engineering ) is to be used on mounting the transistors in order to ensure a
good transfer of heat to the heat sink, Conventional wiring has been used for
this amplifier since a large amount of room is available for the relatively few
components due to the large heat sink and casing. In addition to this, the large
ground surface is important for correct operation of the circuit at such high
power levels,
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If the amplifier is only to be used for amplitude modulation, the heat to be
dissipated will be considerably lower and it would be possible to reduce the
size of the heat sink. However, this is not to be recommended since it could
have an adverse effect on the life-expectancy of the transistors. The tempera-
ture of the relatively small transistor systems will follow the power variations
caused by the modulation up to frequencies of approximately 20 kHz, This con-
tinuous heating and cooling places a certain amount of stress on the system
and contacts which increases with the degree of the temperature fluctuations,
For this reason, an adequate cooling of the expensive power amplifier trans-
istors is recommended even in the AM-mode,

5.2,1, SPECIAL COMPONENTS FOR THE CIRCUIT GIVEN IN FIG, 7
T 1: 2N 3375 or 2N 35563 (RCA); T 2: 2 N3632 ( RCA)

All inductances are wound from 1 mm diameter ( 18 AWG ) silver-plated copper
wire wound on a 6 mm diameter former, self-supporting, turn spacing 1 mm,

L1l:4 turns; L 2: 3 turns; L 3: 4 turns,

Ch 1, Ch 3: approx. 130 uH, ferrite wideband chokes ( Siemens type
B 82501-A-C 27, Delevan type 1025-70)

Ch 2, Ch4 - Ch 6: approx. 1 uH ferrite wideband choke ( Siemens type
B 82501-A-C 1, Delevan type 1025-20 or -24)

Ccl, C2, C5 C7: 2,0-19 pF air-spaced trimmer
C4, CB : 2.5 - 30 pF air-spaced trimmer

Heat sink for TO 5 and TO 39 cases with aluminum oxlide disc for insulated
and low-capacitance mounting. Heat resistance approx. 26 °C/W ( Souriau type
TxP 0503 t ),

or Beryllium-oxide washers for TO 5 and TO 39 case,

or Aluminum-oxide washers for TO 5- and TO 39-cases, Heat resistance
approximately 1,5 °C /W,

5.3. ALIGNMENT AND NOTES TO THE OPERATION OF THIS AMPLIFIER

The amplifier is best aligned with the aid of a low-pass or band-pass f[ilter
feeding into an artificial or well-matched antenna. A standing-wave meter is
placed between the low-pass filter and the antenna ( forward power ). An operat-
ing voltage of 28 V is now connected and the amplifier fed with a 145 MHz signal.
The input matching of both transistors is firstly aligned for maximum current
and the collector circuit of the final amplifier for maximum indication on the
SWR-meter, Since the adjustments have a certain interaction on another, all
trimmers should be aligned finally for maximum indication on the SWR-meter,
At full power, the collector current of the power amplifier stage amounts to
approximately 800 mA; the current of the driver stage is approximately 150 mA,
The RF-power will be approximately 1 W down at the band limits. If the power
amplifier is adjusted in this manner and operated with a parallel capacitance
of 12 pF, it will be able to withstand an open or short-circuit of the antenna
or any detuning of the collector circuit, even at full drive. After this align-
ment at 28 V, the amplifier is completely ready for operation in the CW, FM
or AM modes,
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Such a power amplifier should not be directly connected to the antenna but via
a low-pass filter that attenuates the harmonics by at least 30 dB, Of course,
a bandpass filter is even better since it will suppress any lower frequencies
that are not sufficiently suppressed in the exciter., According to the regulations
valid in Germany, the harmonic suppression of a 25 W transmitter at frequen-
cies above 30 MHz should be at least 60 dB down on the carrier. It cannot be
expected that the harmonic suppression at the collector of the final amplifier
is any greater than 25 dB, which means that additional filtering is required.

6. MODULATOR CIRCUITS

Even when only amplitude modulation is to be dealt with here, this does not
mean that other, popular modes are to be disregarded. It is only that ampli-
tude modulation must be considered during the dimensioning of power amplifier
stages,

In conjunction with transistorized transmitters, two modulating methods are
mainly used: Collector voltage and collector current modulation, With this type
of modulation, voltage and current are both affected, which means that it is
immaterial which magnitude is directly influenced. However, it is impossible
to obtain a modulation depth of 100% by merely modulating the output transistor
since the collector-base diode of the transistor will allow unmodulated drive-
power to pass directly from the base into the collector circuit at very low
collector voltage. This is the reason why the driver stage is usually modulated
at the same time. Even in this case, the carrier power at half the operating
voltage is mostly somewhat greater than 1/4 of the peak power level, especially
when the transistors are to be driven to their maximum limits. This is depen-
dent on the reduction of the current gain at high currents. The simultaneous
modulation of the output stage of the exciter could represent an improvement,
however, it is important that a truly positive modulation is obtained or the
modulation depth limited in some other manner because otherwise high distor-
tion is to be expected (3), In the circuit in question ( Fig. 7 ), it has been
found that it is sufficient for the driver and power amplifier to be modulated.

In this context, the emitter current modulation described in (12) should be
mentioned, Since the DC-voltage between collector and base is maintained con-
stant with a Zener diode, only the collector current will vary in the described
circuit, This means that similar conditions are obtained as with grid-voltage
modulation of tubes., The efficiency of the power output stage is only optimum
at the peak power level; it is only half as great at the carrier level, An ad-
vantage is that the power dissipation across the modulation transistor is very
low. The modulation depth of 100% that can be obtained in this manner is due
to the fact that the collector voltage remains constant which means that it is
not possible to transfer power via the collector-base diode of the transistor.
The difficulty with this modulating method is in the correct bypassing of the
emitter of the RF-transistor which, as already explained, becomes even more
critical on increasing the power.

All amplitude modulator circuits can be divided into two groups. The first group
works at the operating voltage ( 28 V ) necessary for the peak power level and
with a series-transistor in the collector current circuit ( without transformer ).
In this manner, it is easy for transmitters to be constructed for several operat-
ing modes where the optimum power is always available: 12 - 15 W in FM and
CW or 3 - 4 W unmodulated carrier power in AM,
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The second group operates at half the operating voltage required for the peak
power level (12 to 14 V) and require a "magnetic storage" in order to bring
the collector voltage to twice the value in the modulation peaks. With respect
to the AM-gignal, both methods are equally good. If such a circuit is, on the
other hand, also to be used for CW or FM, it will not be possible for a higher
power to be operated than was available for the unmodulated carrier in the AM-
mode if the alignment is not to be altered, By only altering the matching cir-
cuits ( less inductivity, more capacitance ), it is possible to obtain an output
power of 6 to 8 W with the transistor 2 N 3632 at an operating voltage of 12 V
to 14 V if transistor types 2 N 3375 or 40 281 ( RCA ) are used as driver,

6.1, MODULATOR CIRCUITS FOR 28 V

Figure 9 shows a simple modulator output stage without transformer, The NPN-
AF power transistor T 7 is connected in the collector current circuit of the
RF transistors to be modulated, The PNP transistor T 6 is used as AF driver
so that the peak power level of the NPN transistor is obtained. Of course, one
could provide an arrangement with a socalled bootstrap capacitor since the
same problems occur as with transformer less push-pull audio amplifiers, The
given circuit has the advantage that transistor T 7 can be virtually driven into
saturation for test purposes in the DC-mode. The total resistance in the base
circuit of T 6 is dimensioned for symmetrical modulation so that half the oper-
ating voltage is present at the emitter of transistor T 7. The resistance values
are dependent on the current gain of both transistors and may have to be varied.
The audio preamplifier must provide a drive voltage of approx, 500 mV,

T6
c1 2N 2904
10

Fig. 9: Transformerless modulator

As can be seen in Figure 10, a PNP power transistor can be used for current
modulation. A further PNP transistor ( T 8 ) is connected before the modulator
(T9) to increase the input impedance of the circuit, The carrier level is ad-
justed by the base current of transistor T 8 so that 14 V is again present bet-
ween the collector of transistor T 9 and zero, The large feedback ( C 3/R 4/
C 2) improves the linearity of the modulation. However, it could lead to AF
oscillation if the gain in excess of the modulation frequencies were not suffi-
ciently suppressed with the aid of capacitor C 3,

The demands made on transistors T 7 and T 9 are the same when the polarity
is not taken into consideration. The breakdown voltage Upp, must be at least
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as high as the operating voltage ( 28 V), and the permissible collector current
must at least be as high as the peak collector current of the modulated RF-
transistors ( approx. 1 A ). The power dissipation in operation is obtained from
half the operating voltage and half the current ( approx. 7 W ).

O +Up
28Y

o © Uy, plus of
the transistors
to be modulated

Fig. 10: Transformerless collector-current modulator for 28 V/1 A

6.1.1, SEMICONDUCTORS FOR THE CIRCUITS GIVEN IN FIG. 9 AND 10

6, T 8: 2N 2904, 2 N 2905 ( T1) or BC 160 ( Siemens, ITT-Intermetall )
T2 2 N 3054 ( RCA ) or 40 250 ( RCA)
9: AD 150 ( Siemens, AEG-Telefunken ).

H33

6.2, MODULATOR CIRCUIT FOR 12 TO 14 V

The second group of modulator circuits usually operates with a transformer and
a push-pull class B amplifier. This is, without doubt, the most economic manner
of generating the modulation power, however, the dimensioning or purchase of
a suitable transformer can cause some problems,

If one can accept the lower efficiency of a class A amplifier, it is possible
for Heising modulation to also be used in conjunction with transistorized trans-
mitters, In tube technology, it has been said that a modulation depth of 100%
cannot bo obtained using this type of modulator, however, this is not valid for
translstors since the residual voltage of RF power transistors is greater than
that of AF transistors. In addition to this, at least two stages are always mo-
dulated. A conventional power choke with an inductivity of approximately 40 to
100 mH will be sufficient as modulator choke since the RF stages of the de-
scribed transmitter only represent a load of 30% for the modulator. It is
important that the current rating is sufficiently great and that the DC-current
resistance is as low as possible,

Figure 11 shows a suitable circuit, The NPN audio power transistor T 11 is
driven by transistor T 10, which is provided to increase the input impedance,
The current flowing via transistor T 11 is adjusted with the aid of potentio-
meter R 3 via the base current of T 10 to half the peak power value of the
modulated transistor ( approx. 600 mA ). A feedback link ( R 5 and C 2 ) ensures
a suitable audio frequency response, and capacitor C 3 connected in parallel
to the Heising choke Ch 1 neutralizes any tendency to oscillation via this feed-
back link.
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The power Zener diode D 3 plays an important part. Namely, voltage peaks
can be generated across the choke that would destroy the RF transistors., The
Zener diode limits these to a value that will not endanger the transistors,
The second power diode D 4 in series with the modulator output improves the
modulation depth in the region of the zero carrier level, Without this diode
( output I) it is not possible to bring the RF power quite to zero in the modu-
lation peaks in contrast to the current modulation modes., However, it will go
zero when output Il is used since the diode blocks a current in the opposite
direction which attempts to flow via the collector-base diode. Since the diode
causes approximately 1 V voltage drop at peak power, and the problem is only
caused by the driver stage which operates with a constant drive, it is more
favourable for output I to be used for the power amplifier stage and output II
to be used for the driver, Naturally, this means that a separate connection
must be provided for the collector voltage of the driver in the circuit of the
power output transistor ( Fig. 7). This is also favourable for test purposes,

1l toPA and
driver
—0 ] transistor
T (see text)

-0 0

> o .

Fig. 11: Collector-voltage modulation with Heising-choke for 12 V operation
The circuit given in Figure 11 also requires approximately 500 mV drive for
full modulation. The dropper resistor T 1 can be deleted in practice if the pre-
amplifier has a similar or higher impedance, At a lower resistance, the feed-
back will not operate correctly., The demands on transistor T 11 with regard
to voltage, current and power dissipation are approximately the same as for
current modulation, In operation, the current flow of the modulator stage and
the modulated RF transistors is slightly higher than the peak power collector
current of the modulated stages themselves ( approx., 1.1 A ), As long as no
overmodulation occurs, the current will remain constant, With collector voltage
modulation, the final alignment of the RF power amplifier stage and the modu-
lator circuit are most favourably made by observing the envelope of the mo-
dulated signal. This method is especially recommended if twice the operating
voltage is not available for the peak power alignment of the RF stages. In this
manner, the most favourable current for the modulator transistor T 11 will be
found quickly.

6.2.1. SPECIAL COMPONENTS FOR THE CIRCUIT GIVEN IN FIG, 11

T 10: BSX 45 ( Siemens ) or BC 140 ( Siemens, ITT-Intermetall )

T 11: 2 N 3054 ( RCA ) or 40 250 ( RCA )

D3:(33v/1 W), BZY 92/C 33, ZD 33; D 4: BY 250, BY 103, 1 N 4004
Ch1: 0,04 to 0.1 H, power choke.
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7. NOTES
7.1, MOBILE OPERATION

The modulator circuits for 12 to 14 V are suitable for mobile operation since
this is the voltage that is most used in vehicles. This means that no DC-DC
converter will be required, In this context, a fact should be pointed out which
is relatively unknown, namely, that certain electromagnetic consumers in the
vehicle, e,g. the starter relay or the horn, generate peak voltages of up to
100 V which are then present on the power supply of the vehicle. These voltage
peaks must not be allowed to reach any transistorized equipment since they
would instantaneously destroy the power transistors. Unfortunately, the author
only knows of these problems indirectly and it would be very favourable if a
specialist in car and mobile radio installations were able to publish details
regarding such effects,

The required measures to protect the transistor circuits are often dependent
on the type of circuit and the electro-magnetic equipment of the car and also
on which point of the car circuit the voltagé for the transistorized equipment
is taken. The most favourable position is to tap off the voltage directly at the
battery using two sufficiently thick wires since the capacitance of the battery
will reduce the voltage peaks. For car radios that are connected via the igni-
tion key, a choke is usually provided in the supply current connection which
provides the required protection.

Fig. 12: Protection circuit against
overvoltages on the vehicle network

Electronic protection circuits can be dimensioned effectively when the amplitude
and the waveform of the voltage peaks is known by measuring them on an os-
cilloscope, The most simple form of protection is a diode with a breakdown
voltage of approximately 15 V, The peak current surge that can be passed through
the diode is limited by its data. A somewhat more extensive circuit is given
in Figure 12. In this case, a series transistor is used whose breakdown voltage
must be higher than the maximum peak voltage that appears, This series trans-
istor is placed in series with the plus connection. The base is bypassed with
a large capacitance C 1 to ground, The base current is adjusted with the re-
sistor combination R 1 + R 2 so that the transistor conducts, This is to ensure
that only a very small voltage drop occurs in normal operation. If a voltage
peak appears on the network of the vehicle, this will firstly cause capacitor
C 1 to be charged before the voltage at the consumer can also increase, If the
time constant (R1 + R 2 )xC 1 is far greater than the pulse duration, the
pulse will not be present at the output, In order to improve the filter effect
of the base circuit, the base dropper resistor can be split up and operate with
two or more RC-links, A diode connected in parallel to capacitor C 1 could
also avoid an increase of the capacitor voltage above a certain value if any
sequence of pulses is obtained. Any voltage peaks of opposite polarity can be
shorted with the aid of a sufficiently well dimensioned diode D 1,
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7.2. TRANSISTORIZED SSB-POWER AMPLIFIERS

In the discussion concluding the lecture, it was discussed what power can be
expected from the transistor 2 N 3632 in the SSB-mode. The author has not
tried this mode himself but has heard from a reliable source that approximately
5 W PEP are to be expected at a sufficiently acceptable intermodulation ratio
( approx, 25 dB ).

This may seem disappointing. However, the transistor is not able to directly
compete with tubes as a large signal linear amplifier where the efficiency also
plays its part, Whereas modern SSB transmitting tubes designed with the aid
of computers exhibit intermodulation ratios of 40 to 50dB at the nominal power
(2), it is even difficult with transistors to obtain ratios of 30 dB or more if
reliable operation is to be maintained,

With transistors for class C, to which the first Overlay transistor types belong,
it is only important for the peak current and the transit frequency to be as high
as possible, With SSB transistors, on the other hand, it is necessary for the
current gain and transit frequency to remain relatively constant over the whole
drive range. This is obtained, for instance, with integrated emitter resistors
which also improve the breakdown characteristics (13). Such transistors allow
2/3 the CW power to be expected as SSB-PEP-power with sufficiently good
linearity (8).

In contrast to tubes, additional distortions are generated in transistors due to
the voltage dependent capacitances. The linearity therefore decreases on in-
creasing the frequency. Feedback links are no longer able to help since the
phase shift between input and output voltage will be too great. In the RF-tech-
nology, it is not possible for a great ratio to be maintained between the transit
frequency and the highest frequency of operation, as is the case with Hi-Fi
amplifiers. The linearity is at its best in the common-base circuit as long as
the feedback effect is negligible,

Transistorized Tubed
transmitter transmitter

‘|J_ll|| ||||I|. 1| ll

Fig. 13: SSB two-tone test signal with intermodulation spectrum

A special feature of transistor SSB amplifiers is the unusually wide spectrum
of intermodulation products ( Fig. 13 ). Whereas it is only third and fifth order
products that are suppressed less than 50 dB with most tubed transmitters, all
products up to the eleventh or thirteenth order remain above this limit with
transistorized power amplifiers. This means that the main advantages of SSB,
the low bandwidth requirements, cannot be utilized due to the wide range of
distortion around thé required signal. A level difference of 30 to 50 dB is very
low in comparison to the dynamic range of modern receivers that are able to
handle signals between 0.1 uV and 100 mV ( 120 dB ). After considering these
facts, it is no wonder that the leading manufacturers only offer very few trans-
istors with guaranteed SSB specifications for the shortwave range and even less
for the VHF range,
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8. AUXILIARY CIRCUITS
8.1. POWER OSCILLATOR

The exciter stages for the power amplifier shown in Figure 7 were still not
developed at the time of the lecture. The author therefore used the power os-
cillator given in Figure 14 for driving the power amplifier experimentally. The
transistor type 2 N 3553 or better still the inexpensive 2 N 5188 ( RCA ) can be
used. This transistor can also be operated at 28 V in the 2 m band but attention
must be paid that 150 mA is not exceeded due to the liability of breakdown.
This means that it is suitable for driving transistor types 2 N 3553 or 2 N 3375.

The oscillator circuit used oscillates well and can be compared to the Hartley
circuit popular in the Twenties and Thirties, It is very suitable for experiments
where the power and not the frequency stability are of primary importance. The
power can be varied within wide limits by altering the operating voltage.

R2 %h&
10 k L. COudm +Up

T 3 with cooling fins Fig. 14: Transistorized power oscillator
| _' for experiments at VHF and UHF

S R ——

Technically speaking, the circuit represents a modified Clapp oscillator. In the
VHF/UHF range, the transistor capacitances are used in the resonant circuits
so that external capacitors are not required. In this circuit, however, 15 pF
is connected in parallel with the collector-base path in order to limit the de-
pendence of the frequency on the operating voltage ( with C 2 = 15 pF approx.
144.5 MHz to 145.5 MHz between 14 and 28 V). The circuit comprising L 1
and C 1 mainly determines the frequency.

The signal is taken from the emitter via a series capacitor into an ohmic load.
Since the power amplifier possesses no real input impedance without drive, the
oscillator will not commence oscillation in spite of the 3 dB attenuator ( R 3,
R4 and R5 ). This is the reason why the 4,7 pF is required from the emitter
to ground ( C 5).

8.1.1, SPECIAL COMPONENTS FOR FIG. 14

T 3: 2N 3553 or 2 N5189 ( RCA)
L 1: 220 - 315 nH, ceramic inductance
Ch 1, Ch 2: approx. 2 uH, ferrite wideband choke ( Delevan )
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8.2. CONVERTER FOR OBSERVING THE ENVELOPE
OF THE TRANSMITTED SIGNAL

The direct observation of the modulated signal from a 2 m transmitter is only
possible with very expensive oscilloscopes that have a bandwidth of at least
150 MHz. For this reason, it is very useful to have a converter which allows
the envelope curve to be observed on an oscilloscope with a bandwidth of se-
veral MHz. Such an oscilloscope, as is used for television repairs, etc., is
more readily available. The circuit of such a converter is shown In Figure 15,
It uses the same oscillator circuit as was described in the previous section,
which in this case oscillates approximately 2 to 4 MHz above or below the 2 m
band. The signal from the modulated transmitter and the oscillator are mixed
in a normal RF diode. A low-pass filter comprising Ch 3, Ch 4 and C 5 is used
to select the differential frequency which is then fed to the oscilloscope. It can
be seen that the frequency stability of the oscillator is not of great importance,

LT T T R

c?

Ch1 2uH

Fig. 16: Converter for observing
the envelope of VHF signals with
TV service oscilloscopes

However, prerequisite of a good indication is that the converter is not over-
loaded. The DC voltage measured at the output should only be from the oscillator
and should not increase noticeably on injecting the signal to be examined. The
permissible drive level can, as long as resistor R 5 is not overloaded ( 1/4 to
1/2 W), be adjusted with resistor R 4, The value of 390 Q is for a fixed re-
sistor which was tried out for the lecture, The minimum value is approximately

120 2 since the diode requires an impressed current via a series resistor,
At higher powers, the coupling to the transmitter must be looser. During the
lecture a 60 22 load resistor was used whose attenuated output ( 1/50 of the input

power ) was fed to the converter.

8.2.1. SPECIAL COMPONENTS FOR THE CIRCUIT SHOWN IN FIG. 15

T 4: 2 N 2218 D1: 1 N914

L 1t 220 - 315 nH, ceramic inductance

Ch 1, Ch 2: approx. 2 uH, ferrite wideband choke ( Delevan )
Ch 3, Ch4: 9 uH, ferrite wideband choke ( Delevan )
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8.3. AUDIO GENERATOR

Figure 16 shows a simple RC generator which is suitable for providing the
sinusoidal modulation required for the envelope test. The waveform of the col-
lector voltage should be checked before operation with the aid of an oscilloscope,
The feedback resistor R 6 in the emitter circuit allows the maximum amplitude
to be adjusted without limiting effects, Capacitor C 4 suppresses any tendency
to RF oscillation. With the exception of this, the circuit does not provide any

special features,
R
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10k| Jr0k| |33k Fig. 16: Simple audio generator
for experiments
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8.3,1. SEMICONDUCTORS FOR THE CIRCUIT GIVEN IN FIG, 16
T 5: BC 108, BC 183 or 2 N 2026

D 2: SZ 14, BZY 85/D 15 or similar Zener diode for approx. 14 V.
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10. EDITORIAL NOTE

A practical construction of a transistorized linear amplifier using the transistor
2 N 3632 on a PC-board ( DC 8 ZX 002 ) will be described in one of the next
editions of VHF COMMUNICATIONS.,
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FREQUENCY MULTIPLICATION WITH HIGH SPURIOUS
SIGNAL REJECTION

by D, E.Schmitzer, DJ 4 BG

With the exception of special circuits, such as varactor triplers, etc., over-
driven amplifier stages equipped with a tube or transistor are mainly used for
frequency multiplication, A sinusoidal input signal is distorted due to the over-
loading, which means that a high harmonic content is present. It is then ne-
cessary for the required harmonic to be filtered out; all other harmonics and
the fundamental wave represent spurious signals and must be suppressed.The
required filtering can be kept low when most of the unwanted spurious signals
are not generated in the first place.

Symmetrical circuits offer distinct advantages. Such circuits are push-pull cir-
cuits for frequency tripling and the push-push circuits for frequency doubling.
The push-pull circuit suppresses all even harmonics ( 2f, 4f, 6f, etc. ), where-
as the push-push circuit suppresses all odd harmonics and the fundamental wave
(11, 31, 81, etc. ).

In spite of the clear advantages, these two circuits are seldom used, The reason
for this may be that two transistors are required instead of one. According to
(1), a push-push frequency doubler circuit can be built up simply and economi-
cally using an integrated circuit CA 3028 A, With the exception of the input and
output circuit and two bypass capacitors, all the required components are al-
ready provided in the integrated circuit,

1. PUSH-PUSH FREQUENCY DOUBLER WITH THE CA 3028 A

Figure 1 shows the circuit of a push-push frequency doubler equipped with the
integrated circuit CA 3028 A. The transistor systems T 2 and T 3 operate in
the push-push mode, e.g. the input side is in push-pull and the output side in
push-push ( parallel ), If both transistors are provided with enough bias voltage
that they just allow collector current to flow ( class B ), the output circuit will
receive a current pulse in both the positive and negative halfwave of the input
voltage. The pulses originate alternately from the first and second transistor.
This means that the output circuit is fed with a pulse on two occasions during
each cycle so that twice the frequency results.

|—!— v

18 -Me

Fig. 1: Circuit diagram of the push-push doubler
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The correct bias voltage is adjusted by transistor T 1 in a special circuit: It
is saturated due to the fact that its emitter resistor R 3 is short-circuited and
its base receives an impressed current via resistor R 1., The base-emitter
diode of transistor T 1 represents a reference voltage source which provides
transistors T 2 and T 3 with a bias voltage that is well temperature compensated,
Since the emitters of the two frequency doubler transistors are biased simulta-
neously by the residual voltage of T 1, a lower collector current will be ad-
justed than would be present with R 1 alone, The result is virtually class B
operation as is necessary for the planned application.

Some care must be paid to the input circuit: A tuned push-pull resonant circuit
with a coupling winding or a wideband transformer can be used. The latter
offers a good, stable balance, especially over long periods of time, if the two
halves of the secondary winding are made in a bifflar manner, e.g. by winding
two wires in parallel on a ferrite rod or toroid core and connecting them in
series. The primary winding can be wound at the same time in the form of a
third wire, The same winding principle is used in ring mixers.

2, CHARACTERISTICS

The eircuit given in Figure 1 only requires a low drive and is very linear. In
the original paper (1)"it was used to double a frequency of 100 MHz to 200 MHz,
The drive level is approximately 1 mW, from which an output power of 3.1 mW
is obtained with a very low harmonic content. When one adds the selectivity of
the output circuit, the suppression of all unwanted harmonics and the fundamen-
tal wave will be between 45 dB and more than 50 dB with respect to the level
of the required output frequency. It is true that higher output power levels
( approx. 30 mW ) are obtained at higher drive levels ( up to 10 mW ), however,
the distortion will increase and the harmonic content will increase to approx.
10%. Since the CA 3028 A is not really designed for such high frequencies, far
better results are to be expected at lower frequencies: Higher output powers
with lower drive levels together with low harmonic content, The experiments
made up till now by the author confirm this, Due to the integrated construction,
the frequency doubler circuit is not affected greatly by temperature which means
that the suppression values are maintained over a very wide temperature range.

3. OTHER INTEGRATED CIRCUITS THAT CAN BE USED

Besides the CA 3028 A, any other integrated circuits with the same transistor
configuration can be used. Integrated circuit types CA 3026 and CA 3054 possess
two such stages, unfortunately without resistors, so that a resistor of approx.
4.7 k& must be provided externally to replace R 1, This means that it is pos-
sible to build up two frequency doubler stages using a single integrated circuit,
If an integrated circuit is used whose transistors exhibit a high transit frequen-
cy, it is possible to frequency double up to higher output frequencies, An ex-
ample of this is the CA 3049 which is also provided with two complete trans-
istor systems in the described form so that it is possible to double, for in-
stance, from 108 to 216 MHz and further from 216 to 432 MHz, Since the in-
dividual transistors of the CA 3049 are stated to have a transit frequency of
typical 1300 MHz, it should be possible for several milliwatt to be generated
in the 24 cm band, which would be sufficient for the local oscillator signal in
a receiver,
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The integrated circuits previously mentioned, e,g, CA 3026, CA 3028 A,
CA 3049 and CA 3054 are manufactured by RCA, Other manufacturers produce
similar integrated circuits that are also suitable, e.g. LM 371 of National
Semiconductor of MFC 8030 of Motorola.

4, GAIN CONTROL OF THE FREQUENCY DOUBLER STAGE

If a lower voltage is connected to point 7 of the CA 3028 A, transistor T 1 will
receive less base current and will be brought more and more out of the satu-
ration range. This will mean that the collector-emitter path of this transistor
will have a higher resistance and represents an increasingly greater feedback
for the doubler transistors T 2 and T 3. It is possible in this manner to control,
or modulate the output power of the circuit,

This means that circuits can be built up by which the fluctuations of the output
level, which are virtually inavoidable when tuning over a certain frequency
range, can be compensated., The often-observed phenomena where a high degree
of overdrive is tolerated at the centre of the band in order to obtain sufficient
drive at the band limits, is a bad habit which is then no longer state-of-the-art,
Since the overdrive at the band centre is avoided in the controlled state, this
results in far less harmonic and spurious radiation,

5. REFERENCES
(1) Carl Andren: Low-cost 100-to 200 MHz Doubler has 5 dB Gain, 1% Distort,
Electronic Design No, 18, 1 Sep 1970, Page 84
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MATERIAL PRICE LIST FOR KITS AND COMPONENTS

EFFECTIVE FROM January 1st, 1972

FOR EQUIPMENT DESCRIBED IN VOLUME 3 (1071) OF VHF COMMUNICATIONS

CRYSTALS and CRYSTAL FILTERS for equipment in VHF COMMUNICATIONS.

Available ex stock. Only highest quality crystals are offered.
Crystal filter XF-9A  (for SSB) with both sideband crystals DM 106, --
Crystal filter XF-9B (for SSB) with both sideband crystals DM 137, --
Crystal (ilter XF-9C (for AM; 3.7 kHz) ....... 0000+ DM 137, --
Crystal filter XF-9D (for AM; 5,00 kH2) ........s00s+. DM 137 --
Crystal filter XF-9E (for FM; 1200 kH2) ...... 220 s+... DM 137.--
Crystal filter XF-9M (for CW; 0.50 kHz) with carrier crystal DM 106, --
Crystal discriminator XD-09-03 matching XF-9E ke s e (DG Nikoes
Crystal 96,0000 MHz (HC-6/U) for 70 cm converters (DL9GU, DL9JU) DM 21.50
Crystal 96,0000 MHz (HC-25/U) for 70 ¢m converters (DLOGU, DLOJU) DM 28, --
Crystal 95,8333 MHz (HC-25/U) for 70 em converters (DC6HY) ..... DM 28, --
Crystal 84,5333 MHz (HC-6/U) for 24 cm converters (DL3WR) ..... DM 21.50
Crystal 65.5000 MHz (HC-6/U) for 2 m converters (DL6HA) ..... DM 16,50
Crystal 65,0000 MHz (HC-6/U) for 2 m converters (DL6HA) ..... DM 16,50
Crystal 46.3333 MHz (HC-25/U) for phase-locked oscillator )set DM 49.--
Crystal 46,0000 MHz (HC-25/U) (DJ 7 ZV / DJ 9 ZR) ) "
Crystal 45,4780 MHz (HC-25/U) for VXO (DJOZR).............. DM 24,50
Crystal 42,0000 MHz (HC-6/U) for 70 MHz converters (G 3 JHM).... DM 15,60
Crystal 38,6667 MHz (HC-6/U) for 2 m converters (DL6SW, DL6HA) DM 13,70
Crystal 27,8000 MHz (HC-25/U) for 24 MHz synthesis VFOs (DL3WR007) DM 25, -~
STANDARD FREQUENCY CRYSTALS
5.0000 MHz (HC-6/U) for calibration spectrum generators (DC6HY).... DM 25.--
1, 0000 MHz (HC-68/U) for calibration spectrum generators (DJ 4 BG, DC6HY)DM 20,50
100 kHz (HC-13/U)for calibration spectrum generators (DC 6 HY) .... DM 28, --
Crystals 72 .... MHz (HC-6/U) for 2 metre transmitters (DJ 1 NB,
DL3WR). Please state required frequency on ordering.
(Delivery 4 to 6 weeks). ......... e P i dosaas DM 81,80
HC-25/U crystals also available ex stock,
Please see list with DC 9 MD Kit (with holder) ........... DM 33, -~
Crystals other frequencies available (Please state frequency and type)
(Delivery 6 to 8 weeks)
TRANSCEIVERS
DC 9 MD 001 TWO METRE WALKY-TALKY Ed. 2/T1
PC-board DC 9 MD 001 (with printed plan) ............... DM 10, --
Semiconductors DC 9 MD 001 (12 transistors, 4 diodes)........... DM 61,30
Minikit 1 DC 9 MD 001 (6 coilformers, 4 IF transformers,
3 chokes) soenmes eesveees s DM 1640
Minikit 2 DC 9 MD 001 (trimmer cap. set and 51 fixed capacitors) DM 32, 20
Minikit 3 DC 8 MD 001 (5 potentiometers, 40 carbon resistors). . DM 23,50
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DC § MD 001 TWO METRE WALKY-TALKY (to be continued)

Minikit 4 DC 9 MD 001 (case, 4 sliding switches, 2 miniature
Jack plugs and sockets, 1 coax. socket,
3 scale knobs, 1 battery connector). ... DM 30, --

Minikit 5 DC 9 MD 001 (microphone and ear set).......... DM 32.60

Crystals ¢ SO (HC-25/U) with holder ........... DM 33, --
Delivery approx. 4 weeks. Please state exact [requency.

Amwlm (in MHz) are available ex stock:
72.025 / 72.050 / 72.075 / 72.100 / 72.125/ 72.150
72,175 / 72.200 / 72.225 / 72.250 / 72.215 / 72.300
72.325 / 72.350 / 72.375 / 72.400 / 72.425/ 72.450
72.475 / 72.500 / 72.575

Drill set for PC-boards 0.7 mm and 1.0 mm diameter ..... DM 6, --
DC 9 MD 001/Kit 1 Complete kit with all components and drills

but without crystal” ........c0o0vvuesecsssss DM 108, --
DC § MD 001/Kit 2 Complete kit with all components, two drills

and one crystal S P g eesnssss DM 230, --
DC 9 MD 001/Kit 3 Complete kit with all components, two drills

and two crystals ievnanasvesedssms s vesns Dl 30w

TRANSVERTERS

DL 6 MH 001 144/432 MHz TRANSVERTER Ed. 4/71

PC-board DL 6 MH 001 (with printed plan) .............. DM 11.--
Minikit DL 6 MH 001 (1 transistor, 2 diodes, 1 ferrite bead) DM 14.70
Trimmer set DESMBON ..sisessivssinssessvnicsesve DI e
Crystal 96.000 MHz, HC-25/U absvasenvavess DM M=
Kit DL 6 MH 001 with above components ........... DM 73 --
DJ 6 ZZ 002 TRANSMIT CONVERTER 28/432 MHz Ed. 2/T1

PC-board DJ 6 ZZ 002 (double coated) swaeesavswane D 1050
Minikit DJ 6 ZZ 002 (coil and trimmer set) ........... DM 7T, --
Semiconductors DJ 6 ZZ 002 (8 transistors) cnwpanereerare M M50
Crystal 67.333 (HC-6/1) vseswsdsaviess DI MWhee
Kit DJ 6 ZZ 002 with all above components csssss DM 78, --
TRANSMITTERS, VFOs and OSCILLATORS

DL 8 ZX 001 70 cm TRANSMITTER with VXO Ed. 1/T1

VX0

PC-board DL 8 ZX 001 (with printed plan) . .......... DM 4, --
Minikit DL 8 ZX 001/VXO coilformer set, screening cm. +« DM 3.--
Semiconductors DL 8 ZX 001/VXO 2 transistors .............. DM 17.80
Kit DL 8 ZX 001/VXO with above components eessss DM 14.80



DL 8 ZX 001 70 cm TRANSMITTER with VXO (to be continued)
TRANSMITTER
Minikit DL 8 ZX 001/TX 2 tube sockets, coilformer set,
choke set, ferrite beads, trimmerset DM 21, 90
Semiconductors DL 8 ZX 001/TX 6 transistors, 4 diodes «vse.. DM 34,20
Tube EC 8010 il el e i iy eein ow wwavavelees DM 38 e
Tube EC 8020 R I A AP swainvaes DM 28, =
Kit DL 8 ZX 001/TX with above components R DM 110,10
DJS5HD/DJ 7JX SYNTHESIS VFO for 144 MHz or 136 MHz Ed.1/71
DJ 5 HD 001 VFO and buffer
PC-board DJ 5 HD 001 (with printed plan) .............. DM 4,50
Minikit DJ 5 HD 001 (Airspaced trimmer,
ceramic silver coil) ............. DM 19,80
Semiconductors DJ 5 HD 001 (2 transistors) ern sawwmieisodfiese v O e
Variable capacitor 57 pF (24 x 32 x 26.5 mm) ata paseeesreess o (DM 18,80
Kit DJ 5 HD 001 with above listed components ...... DM 41,80
DJ 5 HD 002 CRYSTAL OSCILLATOR, MIXER,
AMPLIFIER, VOLTAGE STABILIZER Ed.1/71
PC-board DJ 5 HD 002 (with printed plan) ..... cesaseess DM 9, -~
Minikit DJ 5 HD 002 (coilformers, trimmers and chokes) ... DM 11,50
Semiconductors DJ 5 HD 002 (7 transistors, 1 diode) v an DM 81,40
Crystal 66,500 MHz (HC-6/U) for 146 MHz VFO ...... DM 18.--
Kit DJ 5 HD 002/145 with above components «+vv.2+ DM 69,80
Crystal 62.000 MHz (HC-6/U) for 136 MHz VFO .+«. DM 18, --
Kit DJ 5 HD 002/136 with above components «ssvses DM 69,80
DL 8 FX 002 BANDSCANNER WITH STOP DEVICE Ed. 1{71
PC-board DL 9 FX 002 (with printed plan) .............. DM 6.--
Minikit DL 8 FX 002 (coilformer and trimmer set as well
as semiconductors) .. ......000 0. DM 37.15
Kit DL 9 FX 002 with above listed components ...... DM 43.15
MEASURING, AUXILIARY EQUIPMENT
DJ 4 BG 004 CALIBRATION-SPECTRUM GENERATOR Ed. 4/71
PC-board DJ 4 BG 004 (double coated / through contacts) ... .. DM 39, --
Minikit DJ 4 BG 004 (trimmer, crystal holder, connector) ... DM 10,90
Semiconductors DJ4BGO004 (8 IC's, 1 diode) ........evesv... DM 58,90
Standard frequency crystal 1,000,000 MHz (HC-6/U). . ... v v v v v nunn DM 20,50
Kit DJ 4 BG 004 with all above components — ..... DM 120. 30
DJ 4 BG 006 SPEECH PROCESSOR Ed. 1/71
PC-board DJ 4 BG 006 (with printed plan) ...... sveosvnres DM T, ee
Semiconductor DIJ4BGO06 (1 IC, 2 transistors) ............. DM 117,80
Kit DJ 4 BG 006 with above listed components ...... DM 24,80
Connectors Siemens (13 pole) for PC-board DJ 4 BG 006 ., . set DM 17.40
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DK 2 VF 001 4002 STRIPLINE REFLECTOMETERS Ed. 2/71
PC-board DK 2 VF 001 (double-coated) for 144 MHz ...... DM 11,--
PC-board DK 2 VF 002 (double-coated) for 432 MHz seoss DM T, --
DL 6 MH 002 STRIPLINE BANDPASS FILTER for 70 ecm  Ed.4/71
PC-board DLOMBOOR .onvninvne cammwoeonsessunsee DM Biwe
Trimmer set DL MR OOS wo:osvmmiviows savsamianiie deaeeds DM Gme
Kit DLEMBOOR ..ivsvinevnnnnsssinssnseices DM 11.ee
DL 3 WR 006 INTEGRATED AUDIO AMPLIFIER

with the PA 237 Ed. 2/71
PC-board DL 3 WR 008 (with printed plan) .......¢vvvse... DM 4, --
Semiconductors DL 3 WR 006 (PA 237) PP PLCTAP e REr PRy » 5 (el {. M 1
Transformer Kit DL 3 WR 003/8 (with glued EI core). ,........ % DM 7.50
Kit DL 3 WR 006 with all above components  ...... DM 28, 20
DL 3 YK 002 UNIVERSAL POWER SUPPLY with

INTEGRATED STABILIZER Ed. 2/T1
PC-board DL 3 YK 002 (with printed plan) . ......0000 . . DM B8, --
Semiconductors DL 3 YK 002 (2 transistors/IC; LM 305 or SG 305,

1 diode, 1brdige rectifier, ferrite bends} DM 58,10

1 kOhm Potentiometer 10 turn heli-pot vevervessvsaess DM B -
Kit DL 3 YK 002 with above components cea e DM 175,10
DJ 6 ZZ 003 FOUR-DIGIT FREQUENCY COUNTER Ed. 3/71
PC-board DJ 6 ZZ 003 (double-coated, through contacts) .... DM 48, --
Semiconductors DJ 6 2Z 003 (22 ICs, 5 transistors, 3 diodes) .... DM 101, --
Standard Crystal 1.000 000 MHz (HC-6/U with holder) +easss DM 23.20
Capacitors 14 ceramic bypass capacitors (22 nF), 1 trimmer .. DM 7,80
Nixie tubes 4type GN-8 ,....ccn00v0ssvsvvsvssssasss DM 70, ==
Kit 1 DJ 6 ZZ 003 with above components e DM 340, --
Minikit DJ 6 ZZ 003 (5 14-DIP; 2 16-DIP sockets) ...... DM 24,50
Kit 2 DJ 6 ZZ 003 with above components and 7 IC sockets DM 364, --
Ready-to-operate SO A wE  we w e E ae e e e e e e eeew OW POQUBSE
DL 8 T™M 001 WIDEBAND PREAMPLIFIER FOR

FREQUENCY COUNTERS Ed. 3/T1
PC-board DL 8 TM 001 (with printed plan) .......v.evs.. DM 4, --
Minikit DL 8 TM 001 (4 transistors, 2 Schottky-diodes,

1 ceramic disc capacitor)  ...... DM 40,50

Kit DL 8 ™ 001 with above components ...... DM 43.--
OTHER EQUIPMENT
HB 8 CV Antenna for 145 MHz, chrome plated, detachable

including post and packing (surface mail) veves. DM 40, --
Tube EC 8020 for 70 cm transmitters DK 1 PN, DC6HY ...... DM 20, --
UHF tube socket made of silicon glass [ibre for EC 8020  ...... DM 2.90
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23 cm INTERDIGITAL FILTER Ed.3/T

Ready-to-operate with BNC connectors i
without connectors = ... i i .o
Delivery approx. 6 to B weeks

COMPLETELY READY-TO-OPERATE EQUIPMENT

DC 6 HY 001 70-cm receive converter ............ Ed4/70
DC 6 HY 002 70 em transmit converter ............ Ed4/70
DC 6 HY 70 em linear amplifier with EC 8020 ..., Ed.4/70
DC § MD 001 "
2 metre MINI-TALKY 1
® Vestpocket transceiver for 1 -~ -

switchable AM-FM on two — N

switchable transmit (re- ]

quencies. -

Receiver can be tuned

the band with VFO-control,
Ideal for hikes, portable

operation and lor local con-
tacts, although contacts _

have been made over dis-

tances up to 200 km,

Can be used for direct
communications or via re-

peaters. gl
Ideal for business and vac- “73}
ation trips. B 1O

'® e,
Kit available complete with 3 - 4
all components including all ik
resistors, capacitors, case o s ERT b
knobs etc. See Material List : s A" x

for more details.

over {

VHF COMMUNICATIONS

A PUBLICATION FOR THE RADIO AMATEUR
ESPECIALLY COVERING VHF, UHF AND MICROWAVES

DM 82,30
DM 76, 20

DM 170, 60
DM 149,50
DM 142,40

VERLAG UKW-BERICHTE, HANS J.DOHLUS oHG, DJ3QC, D-8520 ERLANGEN

Gleiw

itzer Strasse 45 - Telefon (09131) 33323 + 63388

Konten: Postscheckkonto NUrnberg .........c00 0004 e
Deutsche Bank Erlangen ........cc00000000.4 4

30 455
76 3256
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PLASTIC BINDERS FOR VHF COMMUNICATIONS

Attractive plastic covered in VHF blue
Accepts up to 12 editions (three volumes)
Allows any required copy to be found easily
Keeps the XYL happy and contented

Will be sent anywhere in the world for DM 5. 50
including surface mail.

Order your binder via the national representative
or direct from the publishers of
VHF COMMUNICATIONS :

VERLAG UKW-BERICHTE, H.J.Dohlus oHG
D-8520 ERLANGEN (West Germany)
Account: Deutsche Bank Erlangen 476 325

SRR

e =998

PRICE REDUCTION!

Due to the popularity of the DJ 6 ZZ 003 frequency counter we have been
able to reduce the price of the printed circuit board and kit to DM 48, --
and DM 340, -- respectively.

Now is your chance of building a completely fool-proof 30 MHz counter for
an extremely favourable price., Double coated PC-board with through contacts,
no drilling or bridges necessary. First counter IC selected for a minimum
of 30 MHz,
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Inexpensive VHF-modules, manufactured by the STE-company of Milan, who
are well-known in professional telecommunication circles.

European components, European manufacture. First-class commercial con-
struction and quality. Available from the publishers of VHF COMMUNI-
CATIONS or the manufacturers. Please request further information from
Verlag UKW-BERICHTE, H. Dohlus oHG, D-852 Erlangen, Gleiwitzer Str. 45.

MOSFET 10 metre receiver AR 10: DM 208,45
Avallable for 28—30 MHz as IF strip for 2m converters, or for 26—28 MHz for reception of
the citizen band or for use with the 26—28 version of the AC 2 converter below. High sensiti-
vity ensures excellent shortwave reception. The good large-signal behaviour makes it suitable
for use as an IF strip for converters, Double superhet with crystal controlled second conversion.
7-stage second IF of 455 kHz. Bullt-in SSB and CW demodulator. Connections for S-meter,
noise limiter/squelch. Prepared for installation of a piezo-ceramic or mechanical filter. A
discriminator module is available so that the receiver can be switched to AM, FM, CW or
SSB. A matching AF-module AA 1 s also available.

Specifications:

Input impedance: 50 Ohm

Sensitivity: 1uVfor 10dB S/N

Selectivity: 4.5 kHz (—6 dB) 12 kHz (—40 dB)

Image and spurious

suppression: 60 dB

Operating voltage: 11—15V/15—22 mA

Dimensions: 200 mm x 83 mm x 32 mm

FET 2 metre converter AC 2: DM 130,68

The matching converter to receiver AR 10, Neutralized FET input stages, push-pull FET mixer.
Crystal 38.6667 MHz (HC-25/U).

Specifications:

Input frequency: 144—146 MHz Noise factor: 1.8dB

Output frequency: 28—30 or 26—28 Image suppression: > 70 dB

Galn: 22dB * 2dB Operating voltage: 12—15V/15—20 mA

Input frequency: 50 Ohm Dimensions: 120 mm x 50 mm x 25 mm
Transistor transmitter AT 210: DM 152,90

4-gtage crystal-controlled transmitter with modulating transformer and antenna relay. Especially
suitable for portable and mobile operation from 12V. Crystals in 72 MHz range (HC-25/U).
Connection available for a 24 MHz VFO.

Specifications:

Frequency range: 144—146 MHz Operating voltage: 12 V/400 mA (max. 15 W)
Output power Dimensions: 150 mm x 46 mm x 32 mm
(unmodulated carrier): 2.2W at 12W

Modulator and AF-amplifier AA3: DM 82,50

4-stage modulator and audio amplifier matching the transmitter AT 210 or receiver AR 10, Built-in
relay switches the modulator so that it can be used as audio output for the receiver. Output
power more than sufficient for mobile operation.

Specifications:

Output power: 2BW at 12W

Output iImpedance: 3 Ohm

Sensitivity: 2mV for 2BW
Frequency response: 300—3000 Hz (—3 dB)
Distortion: < 29, at 2.8 W/1000 Hz
Dimensions: 150 mm x 46 mm x 32 mm

The above mentioned modules can be combined to form a complete twometre transceiver.
They are available ex stock in Erlangen.




) E* 2.] CRYSTAL FILTERS - FILTER CRYSTALS - OSCILLATOR CRYSTALS

(S LES ) SYNONYMOUS for QUALITY and ADVANCED TECHNOLOGY

® PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.
PIEZO-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 ' *F-QA ; XF9B XF-9C XF-9D XF-8E XF-8M
Application Vi SS@- SSB AM AM FM CcwW
¢ Transmit. _

Number of Filter Crystals e 8y 8 8 T 8 4
Bandwidth (6dB down) 25kHz | 24 kHz | 375kHz | 50 kHz | 120 kHz | 0.5 kHz
Passband Ripple <1dB | < E,AdB_ < 2dB | < 2dB <2dB || < 1dB
Insertion Loss <3dB |<35dB| < 35dB| < 35dB| < 3dB | < 5dB
Input-Output Z, 500 © 500 @ 500 @ 500 @ 1200 @ 500 ©
Termination ‘G | 30pF 30 pF 30 pF 30 pF 30 pF 30 pF

; |(6:50dB) 1.7|(6:60dB) 1 8] (6:60 dB) 1.8/ (6:60 dB) 1.8/ (6:60 dB) 1.8/(6:40 dB) 2.5
S taoe Ui (6:80dB)2.2| (6:80dB)2.2| (6:80 dB) 2.2|(6:80 dB) 2.2|(6:60 dB) 4.4
Ultimate Attenuation > 45dB | > 100 dB| > 100 dB| > 100 dB| >90 dB | > 90 dB

[
i
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