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TRANSISTOR LINEAR AMPLIFIERS FOR ATV OPERATION

Experiments made on the DJ 3 SC 435 MHz linear amplifier
by G. Sattler, DJ 4 LB

The described measurements were made in order to check the suitability of the transistor
linear amplifier DJ 3 SC 001 (1) in the ATV mode on the 70 cm band, and to examine the
special considerations that must be made with respect to this mode.

The linear amplifier was fed from an ATV-exciter comprising modules DJ 4 LB 001 to 004 as
described in (2). An additional circuit, similar to the video/sound combining stage DJ 6 Pl 002
described in (3) allows a continuously variable IF level adjustment at the input of mixer
DJ 4 LB 004. In this manner, it is possible to vary the output power of the mixer, and thus the
drive power for the linear amplifier DJ 3 SC 001. This means that the linear range of this
amplifier is utilized to the full. Various test signals were taken from a pattern generator
instead of a TV video signal. In order to compare the characteristics of transistor linear
amplifiers to that of tube amplifiers, measurements were also made on a linear amplifier
equipped with the EC 8020 tube as described in (4),

With the modifications that were established experimentally, and which are given at the end
of this article, the DJ 3 SC amplifier which was originally designed for SSB operation, is also
suitable for ATV operation.

1. CHOKES
1.1. The Collector Chokes

Most linear amplifiers operate in class AB. This means that the collector current is dependent
on the value of the RF drive voltage. If the control voltage is amplitude modulated, the
collector current will vary in time with the modulation frequency. Whereas only frequencies of
several kHz are to be expected with voice modulation, modulation frequencies of up to
5.5 MHz are present in the ATV mode.

Figure 1 gives the circuit diagram of the 70 cm transistor amplifier as described in (1).
Whereas the collector chokes Ch 7, 8 and 9 do not provide any resistance for audio frequen-
cies and thus ensure that the operating voltage on the bypass circuits remains constant, they
cause collector currents and voltage drops in time with the pulsing video signals. At higher
RF output powers and correspondingly high currents, it is possible for the voltage drops to
correspond to several Volts and to be increased even more by voltage peaks which often
appear on switching off inductances. One of the prerequisites of satisfactory operation of the
linear amplifier, namely a constant collector DC voltage independent of the modulation is no
longer fulfilled even when the operating voltage is stable.
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Fig. 1: Three-stage transistor linear amplifier for the 70 cm band

Figures 2 to 5 show oscilloscope traces made at stage T 3 of the amplifier equipped with the
transistor C 25-12 (see Figure 1). Since this stage takes a high collector current, the voltage
drop across the ferrite ring choke will be especially large. The collector DC voltage at the
intersection of chokes Ch9 and Ch6 is given in the lower half of the illustration (10V/
division). The demodulated UHF output signal obtained from module DJ 4 LB 005 is shown in
the upper half of the illustration. In the case of Figures 2 and 3, the video carrier is
modulated with 1 MHz sinewave signal, and in the case of Figures 4 and 5 with a 500 kHz
square-wave signal.

Figures 2 and 4 show the oscilloscope traces measured with stage T 3 in the original circuit.
It will be seen that voltage peaks of over 40 V are present instead of the stable DC voltage,
and such voltages can endanger the transistor. In addition to this, the output signals are very
distorted due to collector voltage modulation.

Figure 3 and 5 were made with the same test signals, and it is only the voltage drop and
voltage overshoot across choke Ch 9 that has been suppressed with the aid of an electrolytic
capacitor.

A TV video signal consists of a complete mixture of many modulation frequencies in contrast
to the test signals shown here. In addition to this, a sound carrier with a spacing of 5.5 MHz
is also added. If these frequencies cause a voltage drop or voltage overshoot across the
collector choke, the collector DC voltage will be superimposed with a mixture of the
modulating frequencies. This will be visible on a TV receiver in the form of a noisy picture
inspite of a high input voltage.
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Fig. 2: Original configuration Fig. 4: Original configuration,
sinusoidal drive square-wave drive

e ———————————

Fig. 3: After modification Fig. 5: After modification

This means that the demands made on the chokes of the collector DC-circuit are for a
sufficiently high resistance for the transmit frequency, and the lowest possible resistance for
all modulating frequencies in the signal, In the case of ATV amplifiers, only UHF-chokes with
a few turns are suitable. The detrimental effects in the ATV mode caused by ferrite chokes
can be eliminated by using sufficiently large capacitance values.

Of course, the other demands made on the chokes and bypassing of the amplifier stages are
also valid in the ATV mode. Attention should be paid to avoid resonances at low transmit
frequencies. Otherwise self-oscillation could occur, e.g. in the shortwave range, since the
gain of the transistors increases on decreasing the frequency.

1.2. The Base Chokes

Basically the same is valid for the base voltage as for the collector voltage. This voltage
should also remain constant and not be affected by the modulation, This means that the base
chokes should also only represent a noticeable resistance with respect to the transmit
frequency, but not for the modulation frequency. Due to the fact, that the base current is
considerably lower than the collector current, the voltage drop across the chokes will be far
less. Therefore also conventional ferrite wideband chokes can be used in the base current
circuit up to the impedance of a 6-hole-core,
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Chokes Ch 1, Ch 2, and Ch 3 of the DJ 3 SC amplifier (18 turns on a resistor) form resonant
circuits together with the other components, which can be brought into oscillation, for
instance from the TV synchronizing pulses. The TV signal would then be additionally
modulated with approximately 13 MHz. In order to avoid this, it is recommended that these
chokes should be exchanged for 6-hole-core types.

The base voltage at bypass capacitors C 11, C 12, and C 13 will only remain constant at high
modulating frequencies. It is therefore necessary for electrolytic capacitors to be connected
in parallel with these capacitors so that load variations of the base voltage divider are
compensated for at low modulation frequencies.

However, occasional voltage oscillations in the kHz range are observed across these capa-
citors when collector currents of over 100 or 200 mA have been selected. This can be avoided
by connecting real resistors of approx. 10 to 22 Q in series with the base chokes

2. BANDWIDTH

In the case of the ATV concept described in (2), the modulated video carrier is passed via the
linear amplifier together with the sound carrier which is spaced 5.5 MHz higher. This means
that the bandwidth of such a linear amplifier is of particular importance. The flat top of the
passband curve should amount to at least 6 MHz.

Fig. 6: Swept frequency response, Fig. 7: Over all frequency response,
DJ 4 LB 004 DJ4LB +DJ3SC

Figure 6 gives the passband curve of module DJ 4 LB 004 (with 2.5 MHz/division), which ful-
fills the given demand. After connection to the DJ 3 SC linear amplifier, the overall passband
curve as shown in Figure 7 results, which is practically the same as that of the exciter. This
indicates a wideband width of the linear amplifier in comparison to the exciter. The alignment
of the linear amplifier is therefore uncritical. It is sufficient when the trimmer capacitors are
aligned for maximum output power at the video frequency. It is only the input circuit
comprising the C1 and C 5 that has a considerable effect on the passband curve, because
they represent the terminating impedance for the exciter, Generally speaking, the resonant
circuits in the transistor amplifier will become lower in impedance and thus wider in band-
width on increasing the RF power. This means that the DJ 3 SC 001 linear amplifier is there-
fore suitable for ATV operation with respect to the bandwidth and requires no modification.
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Figure B shows the passband curve (also with 2.5 MHz/division) of a tube stage equipped
with the EC B020 as described in (4). The bandwidth is not sufficiently wide to ensure a good
video and sound transmission

Fig. 8: Over all frequency response, DJ 4 LB + EC 8020

3. LINEARITY

Especially high demands are placed on the linearity of RF amplifier stages in the ATV mode
The RF-TV signal contains between 10 % and 75 % of its total amplitude the video infor-
mation and between 75 % and 100 % the synchronizing puises. This means that a limiting of
the maximum amplitude by only 25 % will suppress the synchronizing pulses completely, and
the TV picture can no longer be synchronized.

Delta-wave modulating signals are suitable for measuring the linear relationship of the RF
amplifier stages. They allow a limiting of the peak amplitude as well as non-linearities at the
zero-transition to be established, such as can be generated with too low a quiescent current
of the amplifier stages

The following oscilloscope photographs show test signals that are obtained by demodulation
of the transmit frequency using the UHF demodulator DJ 4 LB 005 (2)

In Figures 9, 10, and 11, the waveform at the output of exciter DJ 4 LB 004 is shown at 20, 40
and B0 mW PEP. The differing output powers are obtained by a variation of the IF level, as
was mentioned at the beginning of this article. If ATV operation is made according to the
CCIR standard, negative going modulation will be used, and a high RF amplitude will cause a
correspondingly large negative voltage in the demodulator which will be orientated in a
downward direction on the oscilloscope. The limiting of the signal at the peak power output
Is clearly seen in Figure 11.

These measurements were carried out to find the maximum IF-voltage at the input of the
mixer in order to obtain a non-limiting UHF output signal. This allows one to establish
whether the limiting is taking place in the exciter or in the linear amplifier to be measured.
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Fig. 9: 20 mW PEP Fig. 12: 0.5 W PEP

.

Fig. 10: 40 mW PEP Fig. 13: 1.5 W PEP

Fig. 11: 80 mW PEP, Fig. 14: 2.1 W PEP
d dulated UHF signal from DJ 4 LB 004 demodulated UHF signal from
DJ 3 SC amplifier, two stages

Firstly a two-stage version of the linear amplifier DJ 3 SC 001 equipped with transistors C 1-12
and C 3-12 was tested. Figures 12, 13, and 14 give the output signals of this amplifier at
05W, 1.5W, and 2.1 W PEP. For comparison: A EC B020-stage as described in (4) resulted in
a maximum of 0.9 W PEP when using the same exciter, and exhibited too low a bandwidth
Due to the far easier construction of the two-stage transistor amplifier when using the
PC-board DJ 3 SC 001, this technical article is to be followed by another article giving full
constructional details of a two-stage ATV amplifier
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Fig. 15: 8.5 W PEP Fig. 16: 12 W PEP

demodulated UHF signals from modified 3-stage DJ 3 SC amplifier

Figures 15 and 16 finally show the demodulated UHF output signals at B.5 and 12 W PEP
They result from the modified 18 W version of the DJ 3 SC amplifier with the following
complement: C 3-12, C 12-12, C 25-12 and were measured at a 13.5 V operating volitage.

3.1. Collector Quiescent Current

The collector quiescent current has mainly an effect on the signal components in the vicinity
of zero carrier. It is possible when using deita test signals to notice improvements of the
commencement linearity when the quiescent current is increased over 50 mA per stage. The
signal distortions are especially low when the first stage (C 1-12) of the amplifier is virtually
operating in class A, which is the case at approximately 70 - 110 mA, The following stages
can be operated at 100 to max. 200 mA quiescent current as a compromise between low dis-
tortion and thermal stability.

In order to align the quiescent current, it is advisable for at least parts of the resistance of
R 1, R4, and R7 to be in the form of a trimmer resistor.

3.2. Tuning

The lowest limitation of the modulation peaks results when all resonant circults of the
amplifier are aligned for maximum output power. In order to achieve this, the highest
possible, unmodulated signal is fed from the exciter to the amplifier and the amplifier
trimmers are aligned several times for maximum output power. For linear operation, the drive
level should be reduced until a linear relationship exists between the drive and output power.

4. SUMMARY of the MODIFICATIONS on the AMPLIFIER DJ 3 SC 001 for ATV OPERATION

The following drop-type tantalum electrolytics should be installed
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parallel to C 26: 33 uF, 18V
parallel to C 27: 10 uF, 16 V
parallel to C 28; 10 or 22 uF, 16 V
parallel to C 11: 10 uF, 3V
parallel to C 12: 10 uF, 3V
parallel to C 13: 22 uF, 3V
parallel to D 1 (2L 7): 22 yF, 16 V

Ch 1, Ch 2 and Ch 3 should be exchanged for 6-hole ferrite core types.

Provide trimmer resistors of approximately 220 Q in series with R 1, R 4 and R 7 for alignment
of the collector quiescent current.

5. REFERENCES

(1) G. Freytag: A Transistorized Linear Amplifier for 70 cm
VHF COMMUNICATIONS 6, Edition 1/1974, Pages 30 - 37

(2) G. Sattler: A Modular ATV Transmitter
VHF COMMUNICATIONS 5, Edition 1/1973, Pages 2 - 15

(8) J. Grimm: ATV Information
VHF COMMUNICATIONS 8, Edition 2/1976, Pages 90 - 95

(4) K. Eichel: A Stripline Transverter for 70 cm
VHF COMMUNICATIONS 2, Edition 4/1970, Pages 225 - 239

INTERDIGITAL BANDPASS FILTER FOR 23 cm

Similar to that described in edition 3/71 VHF COMMUNICATIONS
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The advantage of interdigital filters is well known: High stopband attenuation and low
insertion loss. The curve and insertion loss values are virtually independent of the matching
(the filter can be shorted or have an open circuit when an isolation of at least 6 dB exists
between this point and the filter).

Price with BNC SOCKES . .. .. ..ottt ittt it DM 92.00
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TWO-STAGE ATV LINEAR AMPLIFIER FOR 435 MHz
by G. Sattler, DJ 4 LB

The described two-stage amplifier is similar to that described in (1). It provides an output
power of 1.5W with an operating voitage of 12 V over the whole of the 70 cm band without
external tuning. The power gain is in the order of 50 to 60 times, corresponding to 17 -
18 dB; a drive power of approximately 25 mW is required.

If the mixer module DJ 4 LB 004 is used as exciter, a maximum of approximately 4 W of RF
power output (FM) can be obtained with an operafing voltage of 12 V. This means that suffi-
cient power reserve is available for linear operation with an output power of 1.5W (SSB,
ATV). This module can easily be run from batteries, and closes the gap between exciters and
higher power amplifiers (C 12-12 / C 25-12, 2 C 39, 4 CX 250 B).

1. CIRCUIT DESCRIPTION

The circuit diagram of the two-stage amplifier is given in Figure 1. It is formed from the two
first stages of the DJ 3 SC amplifier. The modifications for ATV operation given in (2), have
been taken into consideration. The output power is coupled out where the base of transistor
T 3 Is connected in the case of the three-stage DJ 3 SC amplifier. The original trimmer capa-
citor C7 in series with L 3 can be deleted in our application without loss of output power,
since the output impedance is 50 Q.

«120V

P15

435 MKz
13 sut

DJ4 LB 0OO6
£

Fig. 1: 2-stage power amplifier for 70 cm ATV
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1.1. Generation of the Base Bias Voltages and Temperature
Compensation of the Collector Quiescent Currents

The base voltages of the two RF transistors are adjustable with the aid of potentiometers P 1,
or P 2. Transistor T 3 is connected in an emitter follower circuit and its base bias voltage is
formed as the sum of the forward volitages of three silicon diodes connected In series. The
dropper resistor R 2 feeds these series-connected diodes with a stable, temperature indepen-
dent voltage (R1, C5V 6) at a low current (approx. 1 to 2 mA). Since the intrinsic heat is
negligible, the diodes will be practically at the ambient temperature. They can be used as
temperature probes when they are in direct heat-contact with the heat sink of the transistors.

The forward voltages of the diodes will be reduced when they are heated, and this will reduce
the base bias voltages of the RF-transistors via the circuit comprising T 3. This means that
the collector quiescent currents, which would increase considerably as a function of
temperature if no compensation was made, will remain relatively stable.

Temperature -20°C +20°C +60°C
Quiescent current T 1 75mA 70mA B0 mA
Quiescent current T 2 95mA 90mA 75mA

It will be seen that the temperature response of the quiescent currents is slightly over-
compensated, which has a favorable effect: When the case is heated, the quiescent currents
will slightly fall. The values given in the table at 20°C were found to be most favorable experi-
mentally, using delta-wave test signals. Unwanted oscillation in the kHz-range does not
appear uptil quiescent currents of over approx. 150 mA for T 1 and 300 mA for T 2.

On heating transistor T 3, the base-emitter voltage will decrease, which will cause the output
voltage of the circuit to increase. Since this works in an opposite manner to the required
temperature-voltage behaviour of the circuit, it is not possible for the transistor to be used as
temperature probe. This transistor should therefore have the most constant operating tempe-
rature possible, and is therefore provided with cooling fins, The described circuit cannot
avoid the collector currents increasing shortly after switching on. According to the thermal
coupling, a certain time is required until the heat from the RF transistors is passed to the
diode probe, and the compensation circuit can be effective.

1.2. Component Details

g of Cc1-12

T2 c3-12

T3: 2N 2219, 2N 1613 (NPN transistor with B min. 60 to 70) with cooling fins
D1 Zenerdiode 56 V  (BZY 83 C5V6)

D2 Three silicon diodes, e.g. 1 N 4148 (1 N 914) connected in series
P1,P2: 220 Q, trimmer potentiometer, for horizontal mounting, spacing 10/5 mm
C1,C2 C3: plastic foil trimmer 2 - 22 pF

C4,CS5: air-spaced trimmer 34 pF with two connection pins

X VHF COMMUNICATIONS 1/1977 Fthe



C6-C10: ceramic disc capacitors, value uncritical, between 47 and 100 pF
c11,C12: Chip capacitors of approx. 1 nF

L4, L6 LY Ferrite wideband chokes (6-hole core)

L7 1.5 turns of 0.4 mm dia. (26 AWG) enamelled copper wire
passed through a ferrite bead, 5 mm long
L5 Approx. 17 cm enam, copper wire on 3 mm former, self-supporting
L 8: 20 to 25 mm length of 2 mm dia. (12 AWG) silver-plated copper wire,

slightly bent to ensure that no short-circuit is made to the ground
Electrolytic capacitors: Tantalum drop-types for the required voltage.

Fig. 2: Author’s prototype
2. CONSTRUCTION

The photograph shown in Figure 2 shows the author's prototype of the two-stage amplifier
mounted in a TEKO box 4 A. The components locations and conductor lanes of the 135 mm x
65 mm PC-board DJ 4 LB 006 are shown in Figure 3. The PC-board Is only single-coated and
the components are mounted on the conductor side. The three temperature-probe diodes are
mounted underneath the PC-board and are glued to the metal plate of the TEKO box. One
diode is in the direct vicinity of T 1, another near T 2 and the third diode is located between
T1 and T2 interconnecting the two other diodes. The cathode connection of the diode Is
screwed to the box near transistor T 2. A flexible wire connects the anode of the diode placed
in the vicinity of T 1 and connects it to Pt 6 on the other side of the board.

An M 3 (3 mm) screw has been soldered to the lower side of the transistor T 1 so that it Is
possible for it to be directly screwed to the TEKO box in a similar manner to T 2 for heat
dissipation, No heat sink is required in addition to the aluminium case (TEKO 4 A).
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Two M 3 screws are required in addition to the four mounting screws at the corners of the
board. These screws are provided in the vicinity of the emitter connections of the transistors
and are required for a good mechanical and electrical stability. M 3 nuts are provided on
each of the mounting screws between the lower side of the PC-board and the case, so that a
spacing of approximately 2.5 mm results between the board and the box.
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Fig. 3: PC-board for the ATV power amplifier DJ 4 LB 006

3. ALIGNMENT

The collector currents of the two RF transistors T1 and T2 are firstly aligned without RF
drive by slowly and carefully adjusting potentiometers P 1 and P 2.

A TV video carrier, e.g. from DJ 4 LB 004, or another signal at the center of the band are suit-
able for alignment of the resonant circuits. All trimmers should be aligned for maximum
output power, at the highest drive voltage. An exact alignment of the input circuit is possible
with the aid of a sweep generator. It is possible using slight corrections on the adjustment of
trimmers C 1 and C 4 to obtain the same passband curve at the output of the linear amplifier,
as was present at the output of the exciter.

4. REFERENCES

(1) G. Freytag: A transistorized linear amplifier for 70 cm
VHF COMMUNICATIONS 6, Edition 1/1974, Pages 30 - 37

(2) G. Sattler; Transistorized Linear Amplifiers for ATV Operation
In this edition of VHF COMMUNICATIONS
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A VESTIGIAL SIDEBAND FILTER FOR ATV
by J. Grimm, DJ 6 PI

A printed circuit board has been developed for the ATV vestigial sideband filter described in
(1), which greatly simplifies the construction of the filter. This PC-board is designated
DJ 6 Pl 004. The dimensions are 110 mm x 45 mm. No screening walls are reguired since
neighbouring inductances are at right angles to another. It is only necessary for a screening
to be made around the board as is the case with any filter.

1. APPLICATIONAL DEMAND AND CIRCUIT

If the video-sound coupling stage DJ 6 Pl 002 that was also described in (1) is used in the
DJ 4 LB ATV-transmitter, unwanted conversion products of the video and sound carrier can
be generated by non-linearities. These are mainly the sum and difference of the two carrier
frequencies:

fM1 = 33.4 MHz + 38.9 MHz = 72.3 MHz
fmM2 = 389MHz - 334 MHz = 55MHz

Since these frequencies can produce further unwanted conversion products in the UHF mixer
module DJ 4 LB 004 described in (3), it is necessary for them to be suppressed previous to
the UHF mixer. This means that the vestigial sideband filter must be connected between the
video-sound coupling stage and the mixer module. Since the filter provides more than 30 dB
attenuation in excess of 40.2 MHz, the conversion product fyc + fgc = 72.3 MHz will reach
the UHF mixer suppressed 1000 times (30 dB).

In order to suppress the conversion product fyc = fgg, the vestigial sideband filter has been
extended to include a highpass filter. Since the demands on the slope of this part of the filter
are not too great due to the large frequency spacing between 33.4 and 5.5 MHz, a five-stage
filter circuit is sufficient.

The filter was calculated according to data given in (4). The designation of the lowpass filter
is C09 1581, and C 05 15 31 for the highpass filter. Figure 1 shows the circuit diagram of the
complete vestigial sideband filter.

1+64.7MHz 1241 MH2 1540.2 MMz 1+43.6MH2 1+10.6 Mz 116.1MHz

07 ,.f@) (s m2
_

15p

Pm

Tiefpal /Low pass DJ6PIO0L Hochpal/High pass

Fig. 1: Circult diagram of a vestigial sideband filter for ATV
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2. MEASURED VALUES

Figures 2 and 3 give the passband curves of the filter. The curve of the vestigial sideband
slope (Figure 3) is slightly different from the normal CCIR curve. However, complete coinci-
dence with the nominal CCIR curve would require a considerably higher extent of filtering.
Figure 4 shows how the described filter is able to suppress ATV signal components in the
frequency range used for voice communications (432 to 433 MHz). Figure 4 shows the
spectrum of an ATV transmitter modulated with a video and sound signal in the 70 cm band,
using the described vestigial sideband filter.
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Fig. 2: Passband curve of the vestigial sideband filter DJ 6 Pl 004
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Fig. 4: Spectrum of an ATV transmitter in the 70 cm band using the described vestigial sideband filter

3. COMPONENTS

All inductances are made from 1 mm dia. (18 AWG) silver-plated copper wire.

L1 9.5 turns wound on a 5§ mm coil former with a core (green), coil length 15 mm
La 5 turns wound on a 5§ mm former, self-supporting, coil length 7.5 mm

L3: 3 turns, otherwise as L 2

L4: 6 turns, otherwise as L 2, coil length 10 mm

LS: 8.5 turns wound on a 5 mm coil former with core (green), coil length 15 mm
L6: 9.5 turns, otherwise as L 5

All trimmer capacitors; ceramic disc types of 10 mm diameter, or foil trimmers of 7.5 mm dia.:
7 pieces 60 pF max. capacitance, 2 pieces 40 pF max. capacitance.

C 16; 1000 pF styroflex capacitors

All other fixed capacitors: ceramic disc or tubular capacitors; styroflex capacitors can be
used for the larger values.

4. CONSTRUCTION AND ALIGNMENT

Figure 5 shows the component locations and conductor lanes on the board DJ 6 P1004. A
photograph of the author's prototype without screening is given in Figure 8. The unobtain-
able capacitance values that result during the filter calculation must be provided as trimmer
capacitors in the lowpass filter. Since the demands on the slope are not so high in the case
of the highpass filter, fixed nominal values can be used that roughly coincide with the calcu-
lated values.
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Fig. 5: Component locations and conductor lanes of the vestigial sideband filter

Fig. 6: Author's prototype of the vestigial filter DJ 6 Pl 004

The filter should be roughly aligned with the aid of a dipmeter before the alignment is made
with the aid of a sweep-measuring system. Firstly, only the following inductances and capaci-
tances of the six resonant circuits comprising L 1 to L 6 should be mounted: C3, C6, C7,
C9,C10,C12 ,C13, C 16, C 18. Points »a« and »b« should be temporarily grounded so that
parallel resonant circuits result. The required resonant frequencies are now coarsely aligned
by aligning the L and C values in conjunction with the dipmeter.

After this, the two bridges at »a« and »b« are removed and the remaining capacitors are
soldered into place. After this, the screening made from brass or tin plate, is soldered around
the board. It is then possible for the fine alignment to be made on a sweep-measuring
system. The lowpass filter only affects the upper vestigial sideband slope, and the highpass
filter only the lower slope of the filter.
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GETTING STARTED ON THE 10 GHz BAND
by Dr. D. Evans, G 3 RPE

The information given in this article is probably well-known to British amateurs. However,
since UK amateurs only represent a small percentage of our readers, we think that this infor-
mation is too interesting just to be published in UKW-BERICHTE in German.

1. INTRODUCTION

Until recently, virtually all regular amateur activity on 10 GHz throughout the world was by the
50 or so UK amateurs who operate this band. Reference to Figure 1 shows that they have
been quite successful: some of the country-to-country contacts worth noting are GM-G over
a 521 km path (the current world record). GM-GW at 322 km, G-PAQ at 306 km, with contacts
from G to F, to GC and to ON being regarded by UK amateurs, at least, as nothing very
special. Many contacts were made under genuine contest conditions, the best performance
80 far being that by G 3 KSU who worked 12 stations from the Isle of Wight in one event.
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Fig. 1: Some of the paths worked on 10 GHz by UK amateurs.
The 521 km contact probably Is the world record.
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One of the most gratifying aspects of these efforts is that aimost all of the contacts made so
far have been done with very simple low-power equipment usually generating only 1 - 20 mW
and entirely home-made; however, operated with careful planning and much perseverance
and skill. A striking feature is that some of the more successful operators have no previous
experience whatsoever in the microwave area.

It is worth asking how this situation came about. During the late 1960's, UK amateurs became
concerned about the slow development of the microwave bands, and tried to understand the
reasons for it. It appeared to be mainly due to regarding microwaves as being simply an
extension of VHF, from which viewpoint the higher frequencies could only appear progres-
sively more and more difficult to cope with. Once this approach was guestioned, it became
obvious that microwaves are no more an extension of VHF than VHF is an extension of HF. It
was realized that it was pointless to handicap ourselves by, for example, thoughtlessly insist-
ing on using the narrow-band technigues which are essential on the crowded lower frequen-
cies when there is over 1000 MHz of bands available above 1 GHz, and especially so when the
conventional crystal oscillator/multiplier approach so common at lower frequencies may in
fact be a quite inferior technique at higher microwave frequencies. Wideband technigues
suddenly became of practical significance.

A second reason for the slow development was the presumption that the range of equipment
became smaller and smaller the higher the frequency, eventually reducing to perhaps only a
few kilometres. However, on asking the question: What equipment is easy for amateurs to
build without elaborate facilities, and what is the best performance that can be expected,
calculations for once gave a most encouraging answer. It appeared that with antennas of
moderate gain, the amount of power required at any frequency to work any unobstructed
path in the world is usually at the microwatt or milliwatt level. Since almost all practical trans-
mitters generate very much greater powers, however inefficient they are, this means that
success over unobstructed paths was virtually guaranteed. Since these paths could be up to
several hundred kilometres in length, depending on the geography of the country, it meant
that this order of long distance communication (DX) was just waiting to be taken. In other
words, the DX that could be worked by this mode was not primarily set by the size and
efficiency of equipment, but rather by how much skill and effort could be put into finding
long unobstructed paths. Further calculations showed that to transmit via perfect ducts
required even less power .....

These observations, which apply to all frequencies, were the starting point for the rapid
development of interest in 10 GHz in the UK. Why 10 GHz ? There were several reasons: there
was the challenge of new techniques, the size of the equipment was convenient and some
»surplus« components were already available. It was also far enough away from VHF not to
be unduly influenced by presumptions about technigues, but the best reason of all was that it
was difficult to find a good reason why not.

The intention of this article is to convince readers who might be interested in trying 10 GHz
that, if the experience of UK amateurs is to be believed, then it is much simpler than they
fear, certainly very different, and for many people the most rewarding amateur radio that they
have ever done. The article will attempt to summarise UK experience with regard to both
equipment and operating techniques. Much of the available information has been published
by the RSGB in Radio Communication from 1970 onwards. Information available up to the
end of 1974 is given in the third edition of the RSGB VHF-UHF Manual published in May 1976.
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Fig. 2: Use of a Gunn osclllator as both the transmitter and self-excited mixer in a duplex system

2. A SIMPLE TRANSCEIVER FOR 10 GHz

Figure 2 shows schematically what is probably the simplest form of equipment possible. It is
not particularly efficient, but nevertheless it enables a useful start to be made without too
much expense or effort. All the components later can be used with others to be described to
form a more efficient system. The 10 GHz part consists simply of a low-power Gunn oscillator
which acts as both the RF source for the transmitter and also as a self-excited mixer, two
similar units using a common IF giving the full duplex operation as shown. The maximum
range to be expected over unobstructed paths will be up to about 50 km if antennas of 20 dB
are used, and up to a few hundred kilometres with dishes 0.5 m diameter.

The RF section of a complete transceiver is illustrated by Figure 3. Constructional details for

individual components are given below,

Fig. 3: Complete 10 GHz RF section using a Gunn oscillator and large horn antenna

"
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2.1. A simple Gunn oscillator for 10 GHz

A Gunn oscillator consists of a resonant cavity into which a device called a Gunn diode is
fitted. The diode is not a rectifier, but has the property that when typically 7-10V DC is
applied a steady current of about 150 mA flows, superimposed on which are current spikes
which occur at roughly 10'%/s for a device intended for operation at 10 GHz. When operating
within a cavity, the pulse rate becomes set by the resonant frequency of the cavity, and the
pulses are converted into sinusoidal oscillations. For the input power levels guoted, which
are characteristic of a low power diode, the output power will usually be in the range
1 - 20 mW. High power diodes generating up to a watt are available, but here are a number of
problems in their use, such as dissipating the heat associated with their low efficiency.

The construction of the cavity does require care but seems to be within the capacity of most
who attempt it. The most important factor is not accuracy as such, but mechanical reliability.
It must be remembered that if an IF bandwidth of 100 kHz is in use, then a change of
frequency of the oscillator by more than 1 part in 100.000 (1 x 10°%), will take the signals out
of the passband of the receiver. In practical terms, this means that the mechanical stability of
the cavity itself, and especially that of the tuning mechanism, must be of a high order.
Commercial oscillators often are simply not good enough in this respect and therefore
cannot always be recommended for use by amateurs.

.

Fig. 4:

A simple but
rellable Gunn
osclliator with
dielectric tuning

What appears to be the most successful of a large number of designs produced for amateur
use is shown in Figures 4 and 5. While it operates to the highest standards, it can be fabri-
cated even with hand tools in a few evenings. The cavity is based on a short length of a
standard waveguide No. 16 (WR 90 or R 100), which has outside dimensions of 1.0 x 0.5 inch
(254 mm x 12.7 mm) and a wall thickness of 0.050 inch (1.27 mm). The diode is mounted
across the narrow width of the guide from a pillar. The maximum frequency of oscillation is
set by the length of the cavity as measured between the centre line of this pillar and the front
face of the fixing flange against which the iris plate is bolted. This length is very close to half
the wavelength In the guide, i.e. nglz' at the frequency of operation, and selected values are
given in Figure 5.
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Fig. 5: Constructional details of oscillator. Suitable Gunn diodes are
CXY 11 series (Philips), DC 1251 serles (AEl)

2.1.1. Construction Details

On the centre-line of the broad face of the guide, at a point about 22 mm from one end, drill
a 3/32 inch (2.4 mm) hole through both top and bottom faces in one operation. Enlarge the
lower hole to 4 mm and tap with a partial 2 BA or M 5 thread. Fit a standard waveguide flange
to give the appropriate cavity length, and using the tap to locate the 2 BA or M 5 bearing nut,
solder both flange and nut in a single operation. The tap is then used to clear the thread. The
excess waveguide in front of the flange can be removed by careful filing followed by rubbing
on silicon carbide papers. If the latter are used with a sheet of glass as backing, and are
lubricated with water, then a very flat surface can be achieved easily.
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The RF short preferably should be a thight sliding fit in the guide. This can be done by filing
to nearly the final dimensions and again finishing with carbide papers. If the short is a less
tight fit, then it should be secured in place by screws through the walls of the guide when its
optimum position is known.

It is important to remove all traces of flux residues and excess solder from inside the cavity
as these are lossy at frequency. Burrs should also be removed especially from regions in
contact with the insulation, the contact faces of the diode, and those of the iris plate.

It is important that the hole in the 2 BA or M 5 diode fixing screw is central otherwise there is
a risk that the Gunn diode will be sheared when the screw Is rotated. Determining the centre
of a threaded rod is difficult and if this cannot be done In a lathe, then its position can be
marked out by temporarily fitting a nut (and lock nut) to the screw and using this as a
reference.

2.1.2. Alignment

The setting up the oscillator is as follows. With this size of diode there is no heat-sinking
problem and the diode may be fitted with either end grounded. Care should be taken not to
reverse the supply to the diode as this may damage it. With the RF short spaced from the
diode pillar by a few millimetres, apply about 7V from a power supply capable of supplying
200 mA. The voltage should be increased progressively (when the current should fall) until
the oscillator will tune reliably and will restart immediately each time on applying the voltage.
The position of the RF short can then be optimised and then clamped in place.

The tuning screw is preferably made from PTFE (teflon), but nylon, perspex or even glass
can be used. This use of a dielectric for the screw is highly recommended; in terms of reliabi-
lity of tuning, it appears to be far superior to any using a metal as the tuning screw no matter
how well engineered. With the thread specified (which is about 6 mm diameter, 1.2 mm
pitch), the tuning rate is about 100 MHz/turn, which is ideal if a 6:1 slow-motion drive is
used, Alternatively, a smaller screw with a finer thread may be used with some form of turn-
counting mechanism. In either case, as much care should be taken with the reliability of the
drive mechanism as at lower frequencies — the precision required is about the same. The
tuning range can be several hundred MHz, and the tuning rate is fairly linear except when the
dielectric screw is just entering the guide or just approaching the opposite wall. Metal
screws, by contrast, produce very non-linear tuning. This wide tuning range means that the
length of the cavity is rather less critical than at first sight. However, if the cavity tunes too
low, its maximum frequency may be increased by grinding back the front face of the fixing
flange. If it will not tune low enough in frequency, then a spacer plate can be fitted between
the flange and the iris plate as shown in Figure 5. In either case, the change in freguency Is
in the region of 300 MHz/mm.

The oscillator may also be tuned over a few megahertz by varying the voltage applied to the
diode. The frequency shift depends on the Q of the cavity and the operating point of the
- diode but usually is in the range 1-20 MHz/V. This characteristic is used to modulate the
output to produce a mixed AM/FM signal which can be of very high guality. It can also be
used for fine tuning and the means by which AFC can be applied. Alternatively, varactor
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tuning can be used for these purposes, but so far has not been widely used by amateurs
because of the extra complication and because the maximum tuning range with high Q
cavities may be restricted to a few tens of MHz.

The diameter of the hole in the iris plate is a compromise. Enlarging it generally will increase
the output power, although the stability and tuning range of the oscillator may suffer. On the
other hand, the stability of an erratic oscillator can often be improved by reducing the size of
the iris. It is worth noting that an unstable oscillator is of little use even if it is generating
much power, whereas reducing the output even drastically to achieve stability may have little
effect in practice on the DX performance of the equipment. Stability, not output power, is top
priority.

2.2. Power supply / modulator

The following points can be made regarding this unit:

a) The output voltage should be adjustable over the range 7 - 10 V, and it should be able to
supply at least 200 mA. It is an advantage if the output voltage is stabilized, although this
is not essential except with unreliable oscillators which often are unduly sensitive to
variations of the operating voltage.

b) It should be possible to modulate the supply with tone or speech at a level up to a few
hundred millivolts. It is useful to be able to tone modulate the local oscillator in a receiver
as this allows unmodulated signals from harmonic generators, for example, to be
detected.

c) The psu/modulator/oscillator combination should be carefully checked for parasitic oscil-
lations which can also modulate the signal besides causing other problems, Stabilized
power supplies seem to be particularly prone to oscillate at VHF, Gunn diodes being
negative resistance devices, tend to oscillate with stray inductances and therefore it is a
good practice, wherever possible, to fit a suppressor across the DC input terminals of the
Gunn oscillator. This can consist of a 0.01 uF capacitor in series with a 10 - 100 Q resistor.
A zener diode rated at about 0.5V above the maximum working voltage of the oscillator,
including modulation and AFC voltages, is a useful safety feature.

For preliminary testing, any suitable variable power supply can be used. The simplest method
is probably a zener diode selected to be of the optimum working voltage connected across
the Gunn diode, with a dropping resistor from a 12 V car battery, for example. A typical com-
prehensive power supply/modulator which operates from an unstabilized 12 V DC supply is
shown in Figure 6.

2.3. Preamplifier and IF strip

As has already been emphasized, it is unlikely that the communication that can be achieved
will be affected by deficiencies in the system amounting to a decibel here and there. One
conseqguence of this is that the choice of IF can be made in terms of convenience rather than
strict technical considerations. There is one exception: if two stations operate a duplex
system of the type shown in Figure 2, then they must use the same IF if continual retuning is
to be avoided,

X VHF COMMUNICATIONS 1/1977 .25 -



Y
BCAIS
B0

Oyl Tk 47k

12k

gt

63 RPE Gimos

Fig. 6: Typical power supply/modulator for a low-power Gunn oscillator

The development of reliable oscillators which can be tuned over a wide range, together with
eguipment rarely being operated remotely, has meant that simple single conversion receivers
are most common. The alternative system, that of a fixed frequency first local oscillator
used with a tunable IF is much less common mainly because it is more difficult to produce a
low noise IF tunable over a wide range (at least 100 MHz) and to avoid IF breakthrough parti-
cularly when operating from elevated sites. The most common forms of IF amplifier are as
follows:

a) Standard FM broadcast receiver commonly tuned to a guiet frequency near 100 MHz.
Sometimes the circuitry is removed and fitted into a metal box to improve screening. The
AFC voltage, if available, is sometimes used to control the freguency of the Gunn oscil-
lator.

b) A 30 MHz IF using standard 10.7 MHz FM components, usually built up from parts but
sometimes produced by modifying the signal frequency and local oscillator circuits of an
FM broadcast receiver. This IF seems to be particularly popular amongst those who use
balanced mixers.

c) A 10.7 MHz IF is sometimes used but the confusion caused by the small spacing between
signal and image channels and oscillator noise problems make this IF less popular.

d) TV IF strips retuned to 30 MHz by adding extra capacitance across the tuned circuits. This
modification also reduces the unnecessarily large bandwidth.

e) Conventional narrow-band AM receivers can be used to detect tone modulated wideband
signals with little loss in efficiency provided that the IF bandwidth exceeds the frequency
of the tone modulation, usually 1 kHz.

It is usual to use a preamplifier mounted close to the mixer (whatever its form) to deal with all
the DC and RF problems associated with the mixer circuitry and also the possibly uncertain
input characteristics of the main IF strip which may be located some distance away. Typical
tuned and untuned preamplifiers are given in Figures 7 and 8.
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2.4. Antennas

An interesting feature of antennas on 10 GHz is that, probably for the first time, amateurs can
produce antennas of such high gain that they are not able to cope with the problems
associated with the corresponding narrow beamwidths. Indeed, it has been suggested that
more 10 GHz contacts probably have been lost by having antennas of too high a gain than
too low for this reason. Fortunately, most operating can be done with relatively small
antennas, the simplest of which surely must be the open end of the waveguide. This has a
gain of about 5 dB, very low by 10 GHz standards, but nevertheless sufficient with equipment
such as described above to give a range of a few tens of kilometres. Note that horizontal
polarisation, which has been adopted as standard in IARU Region |, is obtained when the
broad face of the waveguide is vertical.

What is probably the most useful form of antenna for initial operation is the large horn,
details of which are given in Figure 9. The waveguide feed is expanded in both planes to
produce a rectangular funnel-like shape. This type of antenna has a number of advantages.
Firstly, its performance is substantially unaffected by quite large errors in construction.
Secondly, it presents a well-matched load without any setting up, which is especially valuable
when the transmitter uses free-running oscillators such as Gunn oscillators or klystrons as
their stability is sometimes dependent on the match. A third advantage is that the gain of the
horn can be predicted from its dimensions within a dB or so. This is useful in checking the
overall performance of the complete system, and it also means that the horn can later be
used as a reference against which other forms of antennas can be judged.

K A
A
=

s

Fig. 9: Dimensions of a horn antenna for use at 10 GHz

Nominal Gain | 3dB I Dimensions (mm)

at 10.368 GHz Beamwidth A B L
15 dB * 15° 70 57 57
20 dB + 8 128 104 189
25 dB * §° 220 180 568
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Fig. 10: Various methods for constructing horns

The construction of horns is not too difficult once the general principles are grasped: one of
these is that for a body that looks as though it should be full of right angles, there are
precious few. Consequently, most people get into an awful mess with their first attempt, and
it is therefore worthwhile doing a practice run with perhaps cardboard before moving on to
materials such as tinplate, brass or copper. Aluminium sheet is rarely used in this application
because of the difficulty in solderung this material reliably.

An awkward point in construction is the junction between the horn itself and the waveguide
feed. For all but the smallest horns, some strengthening is necessary, and this can be done
by strips bolted using brass screws into holes tapped into the walls of the horn and the guide
which subsequently are soldered in place. These strips also have the function of jigging the
parts prior to soldering. It is important that any of the screws projecting into the inside are
carefully filed away, and that the transition between the guide and the horn is smoothly
rounded. Various methods of making up the horn are summarised in Figure 10. It is some-
times a convenient method of fabrication to braze on two or three sides of the horn in one
operation, clean up the joint, and then solder the remainder. Note that it is important to have
good electrical contact at the corners but at the same time excess solder and any flux should
be removed as these materials are rather lossy.
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A POWER AMPLIFIER FOR THE TWO METER BAND
USING THE TUBE QQE 06-40
by H.J. Dierking, DJ 6 CA

Tubes still have their applications in the higher power range even in our modern semicon-
ductor age. The advantages of tubes such as the double tetrode QQE 06/40 (two tubes with
four electrodes each in a single glass envelope) are able to take short over-current and over-
voltage conditions far better than semiconductors. Furthermore, they normally provide a
narrower output spectrum, that is an output signal with less intermodulation products when
correctly aligned for linear operation, and usually provide more gain than a transistor stage.

The following article is to describe a simple power amplifier for the frequency range of 144 to
146 MHz equipped with the tube QQE 06/40 (Figure 1). The basic design and circuit can, of
course, also be used for other tubes using a common-cathode circuit. This is not to be a
scientific article but more a practical description to allow simple construction,

Fig. 1:

2-meter power amplifier
equipped with the tube
QQE 06/40

1. MECHANICAL CONSTRUCTION
The panels made from tin or brass plate should be cut and drilled according to the dimen-

sional drawings given in Figure 2, and soldered to the U-pieces as shown. After construction,
the surface should be cleaned with sandpaper and/or painted.
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Fig. 3: Most Important parts of the chassis

The Individual components given in the parts list should be mounted as shown in Figures 3,
4 and 5 and connected together as shown in the circuit diagram given in Figure 6. The tube
socket is held in place with four M 4 - screws and is mounted below the chassis so that the
metal plate of the tube system is at the same level as the chassis. The grounding point on the
variable capacitor and at the cathode should be as short as possible and made with a wide
metal tape to the chassis where it is soldered into place.
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Fig. 4: Power amplifier from above

Fig. 5: Grid side of the QQE 06/40

The input coupling of the 144 MHz drive power is made with the aid of a link. It can, as
required, also be provided with a parallel or series trimmer of 3 - 30 pF at the coaxial input
socket and tuned for resonance. The drive can be varied within certain limits by altering the
spacing of the coupling link to the grid circuit .

The grid circuit is a capacitively shortened )./4-circuit and is directly soldered to the grid
connections of the tube base. A ceramic air-spaced trimmer for resonance alignment is
provided between the two 90° bends of the grid lecher line. No neutralization of this power
amplifier will be required since the anode to grid capacitances are neutralized within the tube
itself.

This is very easy in push-pull stages by using capacitances that are just as large as the anode
to grid capacitance and are placed from the anode of one tube to the grid of the other tube.
These two neutralizing capacitances can easily be seen in the upper part of the envelope.
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The anode circuit is also a shortened A/4-circuit, This circuit is held mechanically with the aid
of the variable capacitor that is used to bring this circuit to resonance. It is necessary to
provide a spacer manufactured from PTFE (teflon) or some other heat-proof isolating
material before soldering this lecher line to the variable capacitor. Only the original anode
clamps and silver-plated brass tapes should be used for the interconnection between the
anode circuit and the anode pins of the tube. These anode clamps also help to cool the tube,
and it is sometimes necessary to drill out their collars in the case of some tubes so that they
fit tightly onto the pins.

The output power is taken from the amplifier with the aid of another lecher line that is also
shown in Figure 2. The PTFE spacer of the anode circuit also supports the output coupling
link and ensures that the required spacing Is maintained. A trimmer of 3 - 30 pF is used to
resonate the output coupling link. It has been found that it is not necessary for this trimmer
to be accessible externally since it has been found that an alignment at the centre of the
band is sufficient.

1.1. PARTS

The following parts are required in addition to the tube QQE 06/40 and the mechanical parts
given in Figure 2:

Tube socket, seven pin (Philips 40202)

2 anode clamps (Philips 40623)

1 tubular trimmer 3 - 30 pF (Philips)

1 air-spaced trimmer approx. 13 pF

1 variable capacitor, butterfly type, 2 x 8 pF, 1.5 mm spacing
3 chassis feedthroughs, ceramic or PTFE

1 ceramic support, approx. 20 mm high

4 screws M 4 x 35 (4 mm x 35 mm) with three nuts each
4 six-hole cores (Philips 4312 02036700)

3 ceramic disc capacitors 3.9 nF /400 V

1 ceramic disc capacitor 1.5 nF / 3 kV

1 ceramic disc capacitor 470 pF /400 V

2. CIRCUIT

The power amplifier module is connected to the power supply and exciter as shown in the
circuit diagram and in Figure 6. The power amplifier is controlled via the PTT-line since this
is cheaper and more reliable than a RF-vox circuit. Two coaxial relays are used for switching
the input and output. A small relay is used to switch the screen grid voltage (switching
current approx. 20 mA), and any pilot lamps if required.

In the receive mode, the tube is blocked by switching off the screen grid voltage (relay
contact al). This is more favorable than blocking the tube with a high negative control grid
voltage since the tube could possibly generate a noise level which would be audible in the
receiver.
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The bias voltage for the control grid is variable so that the power amplifier can be used in
class A, B, or C. Class A can be used for all modulation modes. The following values are valid
for the QQE 06/40 independent of the anode and screen grid voltage:

Class A 30 - 40 mA
Class B 1- 5mA
Class C 0 mA

The plate voltage should always be fed via a fuse of approximately 0.3 A and a mA-meter. The
fuse protects the power supply in the case of flashover within the tube.

At a plate voltage of Uz = 900 V, the screen grid voltage U,o should not be in excess of 240 V.
AtUg, = 600V, it is possible for Ugg to be 280 V. The control grid bias voltage Ug1 need not
be stabilized. If the power amplifier is only to be used in one mode (class), it is possible for
Ug1 to be stabilized with the aid of a power zener diode (ZL ..). The voltage value of the
zener diode should be found experimentally. Usually, a diode ZL 32 is suitable. Of course,
nearly every power supply of a shortwave transceiver using a tube PA can also be used for
this power amplifier.

3. ALIGNMENT

A VHF wattmeter with terminating resistor (dummy-load) able to handle approximately 200 W
is required for alignment of the described power amplifier, as is a multimeter. The anodes of
the tubes represent a good alignment indicator since they start to glow at high dissipation
power levels,

After connecting the power amplifier to the power supply, dummy-load, exciter and control
line, it is then possible to check the individual voltages without drive at the connection pins
of the tube. In order to protect the tube, a resistor of approx. 4 k2 / 2 W is placed in the grid
lead.

The PTT contact is grounded at Ug1 = - 50V and the guiescent plate current is aligned with
the control grid potentiometer to 30 - 40 mA. Commencing at a low drive level, the grid and
anode circuits are aligned as well as the input and output coupling. It should now be possible
to read off some output power indication on the wattmeter.

The following values are given for orientation in the case of the tube QQE 06/40:

Heater: 63V/18A

Ug = 900V, Iy = 250-300 mA (5o = 30 - 40 mA)
ng 225 V / approx. 20 mA

Ug1 = -30to -32V

In the case of a lower plate voltage, the screen grid voltage may be increased slightly. The
anode current will be somewhat lower in this case. The efficiency should be at least 50 % if
the given voltage and current values are approximately achieved. This means that the output
power is in the order of 125 to 130 W with a DC input power of 250 W, If this is not the case,
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a miss-match condition will exist and the anodes of the tube will glow. If the maximum
output power is obtained with the antenna trimmer (30 pF) at maximum capacitance, it will be
necessary to shorten the output coupling link by 1 to 2 cm so that the trimmer is at roughly
half capacitance in the case of maximum output power. Length and capacitance values are
dependent on the selected plate voltage since they are dependent on the power impedance
R; of the tube which must be transformed to the cable impedance Rgq ;.

4. FINAL DETAILS

A good standing wave ratio should exist between the exciter and power amplifier. This is
achieved by carefully optimizing the input coupling. In the case of linear operation (class A),
the required drive power should be made with the aid of a potentiometer built into the exciter
(see separate article from the author regarding this point). In the case of class C (possible for
FM and CW) the efficiency will be higher, but a higher drive power will be required (approx. 6
to 10 W),

No forced air cooling of the tube is necessary, but air should be able to freely flow around
the tube and exit the case. This means that holes should be provided on the lower and upper
panels of the case.

With the input and output terminated, no tendency to self-oscillation should be observed. If
any tendency to self-oscillation is assumed, this will no doubt come from the fact that RF
voltage is present at the input of the modulator. This can be cured by placing a carbon
resistor of 1 to 5 kQ in series with the input, and placing a ceramic disc capacitor of 4.7 nF to
ground directly at the base of the first transistor of the modulator.

MEMORY KEYER
MK 1024

Memory keyer with four inde-
pendent memories of 256 Bit
each. Can be combined to
obtain a memory length of
1024 Bit.

UKW-TECHNIK

Hans Dohlus oHG
D-8523 Baiersdorf, Jahnstr. 14

® Pushbuttons for selection of memaory and starl, reset and stop

® Squeeze method or semi-automatic

* Built-in oscillator with variable frequency and volume

# Built-in loudspeaker as well as socket for ex!. speaker

® Built-in transistor or relay switching

® Max. switching power Transistor mode 150 V / 2 A. Relay mode 700V /0.5 A

® Operating voltage 220 - 240 VAC, or 8 - 14 V battery

® Dimensions 140 mm x 60 mm x 185 mm

® Weight 2.3 kg Dealer enquiries welcome

-36 - X VHF COMMUNICATIONS 1/1977



REDUCING THE OUTPUT POWER OF TRANSISTORIZED
SSB TRANSMITTERS AND TRANSVERTERS
by H.J. Dierking, DJ 6 CA

Linear amplifiers or UHF transverters often require far less drive power than provided by the
available transmitter. Since it is not economical to burn up the RF power in a well matched
power attenuator, two methods of adjusting the output power in the low-signal part of the
transmitter are to be recommended that do not affect the modulation quality.

Ohne PA. Relaiskontant geschisssen
Withowt PA relay contact closed
. ant LT e i
- [ zurLinearstule
Mischatube = 1o PA
Miner
—e

-=
“ o -
™ -~ 4
LT N ano?
Schalter often: ahne Linear PA
Swich closed  withou! linsar PA
Schalter geschionsen mitlinsar PA
Switeh clowed wilh linear PA Fig. 1

The thick lines shown in Figure 1 show the modifications that should be made between the
last mixer stage and the first linear amplifier stage. The principle used is that a trimmer
potentiometer is placed into the circuit that can be bridged when no linear amplifier etc. is
used. The additional isolating capacitors, the trimmer resistor and the relay contact should be
connected with the aid of short leads and mounted in the direct vicinity of the actual stage.
The relay should have low-capacitance contacts (wire contacts, Reed relais etc.). It should be
possible with the aid of the trimmer resistor to reduce the output power of the transmitter by
approximately 20 dB. The relay can be switched using an additional contact on the relay of
the linear amplifier.

) Potl v wou P
E& oisseaani-mima DJBCA <
ek saetah pad ter 401
Fig. 2

Figure 2 shows how the power can be reduced in a buffer or amplifier stage of the SSB
exciter. It is usually only necessary to disconnect the ground lead of an emitter resistor of
such a stage and to connect this with the aid of a twisted wire. This wire is fed to a potentio-
meter with a value of between 10 and 100 k€. It is often possible to use the squelich potentio-
meter, which means that no additional holes must be drilled, and no external modifications
need be made to the equipment. However, it may be advisable to connect in parallel with the
potentiometer a carbon resistor as shown in Figure 2. The resistance value must be found
experimentally.
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OVERTONE CRYSTAL OSCILLATORS
in Series and Parallel Resonance
by H.J. Brandt, DJ 1 ZB

Although overtone crystal oscillators are well used in amateur radio technology, their exact
operation seems still not to be completely known. A large number of amateurs are of the
opinion that all overtone crystals operate at series resonance (1, 2), mainly because industrial
companies virtually only use series resonance for their equipment.

When viewed on a freguency counter, many readers will have noticed that the same crystal
will oscillate at different frequencies in different circuits, without this being able to be cor-
rected sufficiently with a trimmer, This difference can amount to several kHz and can cause
difficulties in a converter for instance, where the transposed frequency on the HF receiver is
not correct. Such a frequency deviation results by energizing the crystal in a different
resonance than was planned.

On studying popular overtone oscillators and their operation, it was found that there are
several proved circuits available since the tube days that operate in parallel resonance. Due
to the large number of overtone oscillators known today, it seemed important that the
difference in circuitry should be discussed both with respect to series and parallel resonance.

1. BASIC OSCILLATOR CIRCUITS

Figure 1 shows four basic circuits of oscillators (3). A Hartley oscillator is shown in (a) with
inductive division, and a Colpitts oscillator with capacitive division in (b). If the inductance
components of the Hartley oscillator are extended to provide two inductively tuned resonance
circuits this will result in the Huth-Kihn oscillator shown in (c). If only one inductance is used
with a Hartley oscillator which is then tuned with a capacitor, one will obtain the classic
Meissner oscillator with inductive feedback as shown in (d).

a) ' b) c) d)
i it
L.
AAAS o Cog

Fig. 1: Basic oscillator circuits a) Hartley b) Colpitts c¢) Huth-Kilhn d) Meissner

Only the RF paths have been shown in these diagrams. The ground can be connected as
required to one of the three tube electrodes, without interfering with the operation of the
oscillator. In this manner, it is possible for the various oscillator circuits to be easily modified.
Semiconductor technology has brought a further flexibility due to the deletion of a heated
cathode.
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2. CRYSTAL OSCILLATORS
2.1. Meissner Oscillator

In the case of the Meissner oscillator, it is virtually only possible to place a crystal in the grid
lead in series with the feedback inductance (Figure 2a). This means it is the series resonance
of the crystal that is used in this case. Its main characteristic is that the crystal can be
replaced by a coupling capacitor without altering the operation of the circuit, of course, with
the exception of the stability.

A transistor version of this circuit is shown in Figure 2b. In this case, the holder capacitance
of the crystal is neutralized in a bridge circuit comprising a balanced feedback winding. This
is to ensure that no spurious oscillation of the circuit can take place at higher frequencies in
addition to that of the crystal resonance. The Meissner oscillator Is just as suitable for
fundamental wave and overtone crystals since the crystal resonance to be used can be set
clearly with the aid of the resonant circuit tuning.

DJ1ZB

I8 e

a) il b)
Fig. 2: Meissner oscillator with crystal control
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Fig. 3: Huth-Kihn oscillator with crystal control
2.2. Huth-Kiihn Oscillator

In the case of the Huth-Kihn oscillator, the grid resonant circuit is replaced by a crystal (see
Figure 3a), and the crystal will oscillate at parallel resonance. If the crystal was replaced by a
capacitor in this circuit, the input of the tube would be short-circuited and no oscillation
would be possible. This simple experiment allows one to differentiate between series and
parallel resonant circuits.

It would be difficult to construct a Huth-Kihn oscillator using a bipolar transistor circuit, but
a field effect transistor can be used since its input impedance is sufficiently high (see
Figure 3 b). However, the feedback capacitance of the FET must be sufficiently high, or it will
be necessary to provide additional capacitance. This circuit is also just as suitable for oper-
ation with fundamental wave and overtone crystals since it possesses a resonant circuit.
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2.3. Colpitts Oscillator

In the case of the Colpitts oscillator, the crystal is placed in the grid or cathode lead as
shown in Figures 4a and 4b. Both these circuits can easily be obtained using bipolar
(Figures 4c and 4d) or field-effect transistors (Figures 4e and 41). Series resonance Is used in
all cases. At higher frequencies, an inductance is usually be provided parallel to the crystal
for neutralizing the crystal holder capacitance. This is aligned so that it produces a parallel
resonance circuit at the oscillating frequency together with the unwanted capacitance. If a
capacitor is provided in series with this inductance, it is only provided for DC-blocking.

It an RC-combination is placed in the source line of the circuit shown in 3b in order to
provide an additional method of adjusting the operating point, it will then be difficult to
differentiate from the circuit given in Figure 4e. The operation of the circuit, immaterial
whether Huth-Kiihn or Colpitts oscillator, is only dependent on the value of the source bypass
capacitor, in other words whether the source is hot or cold for RF. This example shows
clearly that it is often very small differences on which it is dependent whether the crystal
operates at series or parallel resonance.

Uy

= | *Up n

e) f)
Fig. 4: Colpitts oscillator with crystal control at series resonance
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2.4. Colpitts Oscillator for Parallel Resonance

As in the case of the Huth-KUhn oscillator, it is also possible with the Colpitts oscillator to
replace a complete parallel resonant circuit with the aid of a crystal. In this case, it is once
again the parallel resonance that is used (see Figure 5a). This circuit can also be used in
conjunction with a bipolar or a field-effect transistor. However, it is not suitable for use with
overtone oscillators since these would normally oscillate at their fundamental wave.

In order to avoid this, it is necessary to provide a resonant circuit for the required overtone
frequency in parallel with one of the capacitors (if possible at the high-impedance output).
This is shown in Figure 5b. In practice, capacitors C, and C, are usually combined but the
fact still remains that the resulting resonant circuit should be tuned to the capacitive side of
the overtone frequency, in contrast to the Huth-Kihn oscillator whose output circuit is
aligned to the inductive aide of the crystal frequency. This circuit can also be used just as
well with a bipolar or field-effect transistor as shown in Figures 5¢ and 5d. Attention must be
paid when using bipolar transistors since they possess a distinct tendency to parasitic VHF-
UHF oscillation when resonant line circuits result from the connection inductances of capa-
citors C, and C; when constructing the circuit. For this reason, resistors of several tens of
Ohms (R,, R;) are used in Figure 5¢ which are placed in the collector and base leads in order
to dampen these parasitic circuits. This neutralization can also be necessary in the case of
other overtone circuits.

DJ118B
(4] %}
0}
a) b)
ul i .
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Fig. 5: Colpitts oscillator circuits with crystal control at parallel resonance
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At higher frequencies, the input capacitance (Figure 5a) and the output capacitance
(Figure 5f) of the amplifying element can be sufficiently great in order to take over the feed-
back function of capacitor C, and C,. In this case, external fixed capacitors and damping
resistors can be deleted since it will not be possible for spurious resonances to exist,

The operation of the circuits shown In Figures 5b to 5f remains principally the same if the
crystal is not placed at the hot end of the circuit but to a coil tap, or placed at another
position in the circuit capacitance.

3. COMPARING THE CIRCUITS
3.1. Advantages of the Overtone Parallel Resonant Circuit

With parallel resonance, the crystal is operated in the same way as the resonant circuit with a
very high Q. The unwanted crystal holder capacitance in the series resonance mode now
forms part of the circuit and need no longer be neutralized. Even when the external circuit or
capacitance C, is greatly detuned, it will still not be possible for any uncontrolled oscillation
to take place in addition to the crystal frequency. This clean operation is especially an
advantage when the measuring instruments of a radio amateur are limited, and probably
indicates the reason for the popularity of the oscillator circuits shown in Figures 3 and 5.

If a large variation range of the external resonant circuit is provided, the oscillator will
directly jump from one overtone to the next. It is possible in this manner to establish the
highest overtone of an unknown crystal. This is dependent on the plane parallelity of the
contact surfaces.

3.2, Advantages of Series Resonance

In the case of series resonance, variations of the oscillator frequency due to external effects
are far smaller than would be the case with paralle! resonance. This means that such circuits
are of advantage when a high frequency stability is required. Of course, series resonance will
always be required when the crystal is specified for series resonance and should really
oscillate at its nominal frequency.

4. NOTES
4.1. Practical Differentiation

One must often consider whether a circuit is oscillating at series or parallel resonance. In
order to differentiate between these two modes, the following experiment can be made: The
crystal should be replaced by a ceramic capacitor of approximately 4.7 nF. If the oscillator
then operates with approximately the crystal frequency and with approximately the same
amplitude, this will indicate that it is a series-resonance circuit. If, on the other hand, the
oscillator no longer operates, or operates wildly in another frequency range, this will indicate
that it is a parallel-resonance circuit. The circuit can then be compared with the circuits given
in this article for further details.
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Two-stage oscillator circuits such as the Heegener and Butler circuit, as well as oscillators
operating with logic-gates, always operate at series resonance. Such circults are not
considered here.

4.2. A further Reason for Deviations of the Crystal Frequency

Finally another cause why a crystal should oscillate at a frequency different than its nominal
frequency. In amateur radio technology, one often finds overtone oscillators (4) in which, for
instance, a 38.666 MHz crystal is energized in series resonance, whereas the third harmonic
of 116 MHz is coupled out. Since this circuit is either not provided with a resonant circuit for
the frequency 38.666 MHz or only with a resonant circuit which is capacitive for 116 MHz, the
crystal will probably be energized at its ninth overtone, and not as planned at its third over-
tone. This means that it cannot be guaranteed that the freguency generated in this manner is
really the third harmonic of 38.666 MMz, since the overtone resonances are not exact
multiples of another. The loading of the crystal disc by the contact surface and electrodes
has a greater effect at some overtones than others; the crystal is aligned in the factory only to
the required overtone (nominal frequency).

In order to obtain a clean spectrum to avoid spurious reception points, it is a great advantage
when the local oscillator frequency reguired in the converter is directly generated. If an
accurate oscillator frequency is reguired, it is either necessary for a 38.666 MHz crystal to be
used at its nominal overtone and provided with a subseqguent tripler, or for a more expensive
116 MHz overtone crystal to be used.

5. REFERENCES
(1) R. Berg: Quarz Report
Das DL-QTC, Heft 9/1970

(2) R. Harrison: Survey of Crystal Oscillators
Ham Radio, March 1976

(3) F.Hahn: Information provided in the Munich Amateur Radio Club Courses

(4) B. Libbe: A Mini-Mosfet Converter for the 2 m Band
VHF COMMUNICATIONS 5, Edition 4/1973, Pages 234 - 239

FOURTH FRENCH EDITION OF VHF COMMUNICATIONS

There are now four French editions of VHF COMMUNICATIONS available. Please contact the
publishers or our French representative for more details:

Mile. Christiane MICHEL ' Les Pillés - F-89117 PARLY (France)
Please inform your French speaking friends of these omnibus editions of VHF COMMUNI-
CATIONS.
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INTERESTING LINEAR INTEGRATED CIRCUITS
by E. Schmitzer, DJ 4 BG

Several companies have brought new linear integrated circuits onto the market that are
mainly designed for broadcast receiver use. However, many of these integrated circuits also
offer very interesting applications for amateur radio equipment. This is to be discussed with
the aid of integrated circuits manufactured by Siemens and Telefunken.

A short functional description, specifications and circuit diagrams taken from the data sheets
are to be shown, which is to be followed by several recommendations on how to use these
integrated circuits in amateur radio equipment. If further information is required, this can be
taken from the data books and data sheets of the manufacturer, The integrated circuits are to
be considered in the order of their type numbers.

1. SOME INTERESTING INTEGRATED CIRCUITS

Siemens TDA 1037

AF power amplifier

Specifications:

Operating voltage range: 4-28V

QOutput current: 25A

Output power (distortion = 10 %): Up =24V, Z =16 Q: Py 4 = 55 W

Up=18V.Z= B Pyy =50W
Up=14V,Z= 4Q: Py =50W

The internal diagram of the integrated circuit is given in Figure 1 together with the test and
applicational circuit. The new case (single-in-line) allows a very compact construction.

Siemens TDA 1046
AM receiver circuit with demodulator

This integrated circuit is designed as AM receiver module for car radios, and AC broadcast
receivers. Provided are a controlled RF-stage, a push.pull mixer, amplitude-controlled oscilla-
tor, controlled IF amplifier, dual-path demodulator, active lowpass filter, as well as an ampli-
fier for indicating the field strength.

Specifications:

Operating voltage range: 8-18V

Oscillator frequency: 0.5 - 31 MHz

Input frequency (RF-module): 0 - 30 MHz

Input frequency (IF-module): 0.2-1MHz

AF-output voltage (m = B0%): 800 mV (RMS)

Total control range: 85 dB

Input sensitivity: 60 2, m = 30%, (S+N)/N = 6dB: 25V
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Fig. 1: Internal circult of the AF amplifier TDA 1037, as well as test and applicational circuit
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Fig. 2: Block diagram and applicational circuit of the TDA 1046

Further Details:

Since the output of the RF-stage and the input of the mixer are virtually separate, it is
possible for a bandpass filter to be used here instead of a single resonant circuit, for
instance, to improve the image rejection. In order to use the available capacitance between
the two pins, it is recommended that capacitive coupling at the hot end of the bandpass filter
circuits is used.
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Siemens TDA 1047
FM-IF-amplifier and demodulator

This integrated circuit contains an eight-stage balanced limiter amplifier with balanced coin-
cidence demodulator, signal strength indicator, and sgueich. The mono-stereo switching, as
well as the AF-muting under detuned conditions, are not of interest for amateur applications
but could provide a possibility for automatic frequency control.

Specifications:

Operating voltage range: 4-18V
Freguency range: 0-15 MHz
Operating current (typ. at 12 V). 12 mA
Limiting threshold: 30 pv

Other data given in the data sheet refer to a special application as VHF-FM-IF circuit and are
therefore not given here.

The block diagram of this integrated circuit with applicational circuit is given in Figure 3.
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= Stereo threshold
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= AFC - time constant T
AFT-Verstirker

= AFC-amplifier
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= Tuning indicator o,
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= AF amplifier
Mute-Schalter

= Mute switch
Schmitt-Trigger

= Schmitt trigger
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C-0y Fig. 3: Block diagram and applicational circuit of the TDA 1047
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Siemens TDA 1048

Controlled AM amplifier, demodulator and AF level adjustment

Specifications:

Operating voltage range:

Operating current (at 12 V):

Operating frequency (nominal 40 MHz):
Input voltage for control threshold:

10-15V

37 mA

approx. 0 - 50 MHz
200 uV

max. 1 V (RMS)
min. 70 dB

AF-output voltage (m = B0%):
AF volume range:

Figure 4 shows a block diagram of this IC together with applicational circuit.
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Notes

Since the intermediate circuit previous to the demodulator is accessible externally (in con-
trast to the TDA 1046), it is possible when using this integrated circuit to connect an external
SSB-demodulator (product detector) and to obtain the control voltage from the AF output as
is often the case in the SSB mode. It may seem a disadvantage at first that the input of the
control amplifier accessible via connection 2 is connected internally via 15 kQ to the AF-
output. This means that an external control voltage at connection 2 should be fed in at as low
an impedance as possible, in order to override the control voltage coming from the AM-
demodulator. It seems, however, possible for the AM-demodulator to be used for control
voltage generation using the AF generated in the SSB-demodulator,
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Telefunken TDA 1062
VHF tuner for AC and car radios up to 200 MHz

This integrated circuit possesses a preamplifier in a common base circuit, push-pull mixer,
oscillator and buffer, IF lowpass filter, and control amplifier for pin-diode RF control.

Specifications: Operating voltage range: 9-15V
Operating current (at 10 V): 30 mA
Noise figure (at 95 MHz): 55dB
Power gain: 30 dB
Intermediate frequency (typical): 10.7 MHz

All further specifications given on the data sheet refer to an application as VHF-FM broadcast
tuner and cannot be used as they are for amateur applications.

Figure 5 shows a block diagram and applicational circuit for this IC.

LD
L1 NV}
10T My
Lot -t
x: h_"
u=po
-t B M F R lJﬂ [ | wow
e TDA 1062 j
|
2 [ 3 I ) 0 [ 3 3 1
T
ano U
i P i
e
LI FI—|
LY
=
Tiol = Pans 1314
Los = Paiy
34 :lulu Tranmvasidrbar Deariiains |‘l
| . l
E ~tpese e |_ oy 2
L
1w " Tll’

Fig. 5: Block dlagram and applicational circuit of the TDA 1062
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2. SUGGESTED APPLICATIONS

Several suggestions are to be made how the described integrated circuits can be used for
amateur applications. This information is only provided to stimulate interest, and cannot be
classed as being proved circuits. The author is sure that far more interesting circuits could be
obtained in conjunction with these ICs, and possibly lead to some new descriptions of
equipment in this magazine, so that other readers can profit from this.

If the applicational circuit given in the data sheet is used for the IC TDA 1046, and this is then
designed for the B0 m band, for example, it would be possible to easily construct a foxhunt
(DF) receiver. In this case, the AF output voltage should be sufficient to allow direct
connection of a high-impedance earphone (2 x 2 k€). Of course, low-impedance earphones
will require a matching transformer.

Of course, CW and SSB signals will not be audible, however, a field strength indication
(S-meter) is provided. The current drain of approx. 18 mA for the total receiver is relatively
low, but it does not seem advisable to operate the receiver with 9 V. A voltage of 12 V or
13.5 V should be better (car battery or 3 series-connected flat batteries).

Since the integrated circuit TDA 1046 can be used for applications up to 30 MHz, it is
possible for the receiver to also be designed for 28 to 30 MHz and used as IF for a 2 m con-
verter. Since only a very low intermediate frequency can be processed, a bandpass filter
should be provided between the preamplifier and mixer stage in order to improve the image
rejection.

Of course, the applications of such a combination are limited since only AM reception is
possible. However, an FM module (e.g. TDA 1047) could be connected after the selective
circuitry directly in front of the IF input of the TDA 1046 (pin 3) in order to provide FM
reception.

It is, of course, possible for a number of AF amplifiers to be connected such as the TDA 1037.

An interesting application for the TDA 1062 would be for it to be used as a PLL oscillator. The
provided oscillator stage could, for instance, be used in the frequency range of 135 to
137 MHz (local oscillator for the 2 m band when using an intermediate frequency of 9 MHz),
whereas the transistor provided for the RF-stage could be used as crystal oscillator. This
means that the signal of the variable oscillator can be converted to a freqguency range that
can be processed with conventional PLL circuits. The control voltage of the PLL then
controls the 135 MHz oscillator with the aid of varactor diodes. This suggestion is shown in
Figure 6 in the form of a block diagram.

Since the TDA 1062 can be used up to 200 MHz, it is possible for it to be used as 2 m tuner.
This tuner circuit can be VFO, or crystal-controlled, if a crystal is provided in the oscillator
circuit. This could be followed by a TDA 1046 as has been mentioned previously. A TDA 1062
could be used as crystal-controlled converter from 144 to 28 MHz, and a further TDA 1062
used as variable IF, for instance at 9 MHz. This could be followed by a TDA 1048 as con-
trolled IF amplifier, which can be provided with a product detector for SSB and CW as has
already been mentioned.
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If a TDA 1047 is used as FM-module, it should be connected directly at the output of the
second mixer in order to ensure the required bandwidth. Figure 7 shows a combination con-
structed in this manner together with CW-filter, AF-module and voltage stabilizer as
described in the modular receiver system using TEKO boxes. If the sensitivity of approx. 6 dB
is not sufficient, a preamplifier stage can be provided, however, this will cause a deterioration
of the large-signal behaviour.

Since each manufacturer develops his integrated circuits for special applications, there are a
large number of types available on the market. However, this allows integrated circuits of
many companies to be combined, which would not be possible when integrated circuits of
one single company were to be used.

The author hopes that he has been able to give some stimulation for further development. He
has to also be able to give the results of his own developments at a later date. The data and
application sheets are available from the manufacturers or their distributors,

LINEAR AMPLIFIERS for 2 m and 70 cm

Clean linear operation due to
optimum biasing and use of
CTC transistors BM 70-12 or
CM 40-12 resp.

Band 145 MHz 432 MHz
Output 80 W 40 W
Input 10W 10W
Current 10 A 6 A

Size (mm) 130 x 58 x 200

gy e "

fipuatss O O Dealers enquiries welcome to
———an —. APB~B2A WO LIna vousIER UKW-TECHNIK Jahnstr.14
D-8523 Baiersdorf(W.Germany)

UKW-TECHN I K, Hans Dohlus oHG
JahnstraBe 14 - D-8523 BAIERSDORF
Telefon: (09133) - 855, 856 (mit Anrufbeantworter)

Konten: Postscheck Niirnberg 30455-858, Commerzbank Erlangen 820-1154,
Raiffeisenbank Erlangen 22411
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ANTENNA NOTEBOOK
by T. Bittan, G 3JvQ / DJ 0 BQ

1. ROTATORS

This article is not going to discuss antennas themselves, but moreover their rotating systems,
Uptil now, the rotator market has been virtually monopolized by one American company.
However, there is now further competition in this field and competition is usually a good
thing especially for the customer and user since there is often no incentive to change and
redevelopment if only one company is able to monopolize the world market, But this is not
the reason for this article but a study of which specifications are important to the user, and
what means can be used to improve these characteristics further,

The vertical load is often used as criterion, but is hardly important with exception of with the
smaller rotators since amateur antenna arrays are usually far lighter and other factors will
limit the size of the array before this vertical load can be obtained.

The braking moment is more important with larger antenna arrays, and is important both for
keeping a stationary antenna in the selected position, and also stopping the rotation at the
required point. This means that it is important that the rotator has a brake system, not only
for the above reasons but also to protect the gearing. It is also important with larger high
performance VHF/UHF arrays that this braking can really take place at the angle required and
not approximately every 10° or so.

The rotating torque is usually only important at the start of each rotation in order to over-
come the mass of the array. Very little torque is required during rotation itself if the array is
well balanced both with respect to wind leverage and weight.

The speed and rotation is usually approximately 60 to 70 s for all types. An exact setting of
the rotator will be easier if a slow speed is used; however, one may miss several contest
stations in this manner. If a faster speed were used, this would lead to a far higher loading of
the rotator during the braking process and cause a considerable torque on the mast or tower.

The rotation time of 60 s to 70 s is therefore a good compromise both for rotator and mast,

The mast diameter is in the opinion of the author an important criterion for a rotator. The
greater the diameter of the lower mast, the better will be the stability under storm and high
wind conditions. There are considerable differences on the market in this respect. For years,
only rotators for support masts of up to 2" or approx. 50 - 52 mm diameter were available.
Now there are several models allowing mast diameters of up to 62 mm diameter, and even
more, both for the lower and rotating mast.

Electrical circuitry: Here there are some differences which affect operation. There are a
number of rotators that get extremely hot during continuous operation and often cause the
thermo-cutout to actuate. If continuous operation is required, e.g. during contests, this must
be taken into consideration.

Although not of importance technically, the noise made by a rotator is of great importance to
those amateurs active during the evening and night hours. The author knows a large number
of amateurs that are not able to operate during this period for that reason.
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The noise made by a rotator can be split into two categories: Firstly the mechanical noise of
the gearing and ballbearings. There is quite a difference here between the various types. The
second category is the noise made by the braking solenoid. However, this only seems to be a
problem with one rotator type.

But now the most important criterion that is often not given, or not considered during
selection of a rotator: This is the bending moment, usually the limiting factor of the whole
array. However, it is very difficult to get a common system for this, because many manufac-
turers only give wind surface area of the antenna without giving the length of the mast above
the rotator (leverage). Some manufacturers give the calculated breaking point or only a safety
factor of say 1.5, whereas other manufacturers use safety factors of 5 or more.

It would be possible for the author to give calculated mechanical values, but this could cause
legal consequences.

To summarize, the most important specifications for selection of a rotator are:

a) Has it a brake ?

b) Does it have sufficient torque for my array ?

c) What is its bending moment or wind surface area at what mast length ?

d) What maximum mast diameters can be used ?

e) Can the electrical circuitry handle continuous operation without thermal overload of the
transformer ?

o~ . Bending

o

Torque and C
breaking torque Load 3 1

KeXeXe)
(OO O

&m

Im

Fig. 1: Forces active Fig. 2: A typical simple array
on a rotator for 2 m and 70 em
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2. INTEGRATING THE ROTATOR INTO THE ANTENNA SYSTEM

The rotator is usually the most misused and overloaded unit of an amateur radio station. The
author has seen so many rotators, designed for rotating a small TV or VHF-FM antenna, used
for rotating large amateur arrays. In fact this is not only technically bad practice and danger-
ous under storm conditions, but also not economical in the long run, since such an over-
loaded rotator will not have a long life and will have to be replaced far more often than when
using a larger rotator. A life factor of five-to-one would not be uncommon.

Let us make a small calculation for a typical antenna system and see what forces are present
at the rotator. Assumed is an antenna array comprising a crossed Yagi antenna for 2 m and
70 cm. The 2 m crossed Yagi (10 XY/2m = 36 kg / 160 km/h) is spaced two meters above
the rotator and the 70 cm antenna (12 XY /70cm = 21kg/ 160 km/h) at the top of the
mast, a total of 4 m above the rotator, Assumed is also a windspeed of 160 km/h (100 mph).
The following leverage is provided:

Ant1 =36kgx2m =T72kg
Ant2 = 21 kgx4m = B4 kg
Total leverage at rotator: 72 + 84 kg = 156 kg

It will be seen that this rather modest array already overloads nearly all rotators on the market
by more than two times, assuming that the construction given in Figure 2 is employed. This is
improved if a construction, as shown in Figure 3, is used in conjunction with a tower. This
will convert the bending moment to a sidwards pressure in the opposite direction with
reduced force according to the leverage.

This horizontal force is not so damaging to a rotator as the bending moment, and if two
thrust bearings are used, this horizontal force will be virtually removed from the rotator and
transferred directly to the mast structure, The thrust bearings can also support the weight of
the antenna array, and it is only the turning and braking torque of the rotator which remains
unchanged.

Thrust bearing Thrust bearing

Rotator

Fig. 3: Mounting of a rotator Fig. 4: Reducing the bending moment using a
in a tower thrust bearing and guys
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However, the majority of radio amateurs are probably not able, or are not allowed to use a
tower. In this case, how can the antenna system be constructed to ensure that the rotator is
not overloaded ? It is assumed that only a tubular mast can be mounted either on the
chimney side of the house or through the roof.

The easiest method is to use a thrust bearing and guys as shown in Figure 4. This will consi-
derably reduce the bending moment on the rotator but not so well as the arrangement given
in Figure 3. A further improvement will be provided if two thrust bearings and two sets of
guys are used.

Another method would be to mount the rotator underneath the roof and use a thrust bearing
where the mast passes through the roof (Figure 5). The strength of such a system is mainly
dependent on the strength of the roof beams. Of course, guys could also be used here.

A better method is shown in Figure 6. The rotator is again mounted on the floor but a second
guiding outer mast is used together with a thrust bearing. This outer mast is provided with a
three or four legged base mount which is bolted to the floor, and securely fixed at roof level.
Such an arrangement will accept virtually all the sideward forces and the rotator only has to
provide the turning and braking torque.

Thrust
bearing

Rotator
rd ~N

Fig. 5: Another method using a thrust bearing and floor-mounted rotator

Rotating mast

Thrust bearing

mounting

Guide mast

Mounting structure

Vd N
Fig. 6: A combination using a guiding and rotating mast
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3. SUGGESTED METHOD FOR ROOF-MOUNTED MASTS

The author prefers a different approach, which does not require guys except for very large
arrays and is able to provide a considerable reduction in the rotator loading.

The arrangement shown in Figure 7 allows a large diameter stationary mast to be used. The
diameter of the rotating mast depends on the rotator and the thrust bearing used, but can be
upto 60 mm. The latest construction by the author uses a 60 mm diameter reinforced mast as
stationary mast and a similar mast of 60 mm diameter for rotation. This system is so success-
ful that manufacture of the platforms for mounting rotator and thrust bearing has been
commenced and it is hoped that these items can be marketed at least in Europe. A close-up
of such a platform is shown in Figure 6. It is hoped that this method will be able to ease con-
struction of larger antenna arrays that have not been possible uptil now, at least not without
considerably overloading the rotator.

I‘

Thrust bearing HE

Platform
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=+

Platform 50-60mm

dia
L
Fig. 7: Suggested system using two side-mounted Fig. 8: Close-up of such a
platforms and thrust bearings rotator platform
NEW! NEW!

POLARISATIONS SWITCHING UNIT for 2m CROSSED YAGIS

Ready-to-operate as described in VHF COMMUNICATIONS. Complete in cabinet with three
BNC connectors. Especially designed for use with crossed yagis mounted as an »X«, and fed
with equal-length feeders. Following six polarisations can be selected : Vertical, horizontal,
clockwise circular, anticlockwise circular, slant 45° and slant 135°,

VSWR: max. 1.2 Insertion loss: 0.1 to 0.3 dB
Power: 100 W carrier Phase error: approx. 1°
Dimensions: 216 by 132 by 80 mm.

Verlag UKW-BERICHTE, H. Dohlus oHG

JahnstraBe 14 — D-8523 BAIERSDORF
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CORNER REFLECTOR ANTENNAS
by R. Lentz, DL 3 WR

Comer reflector antennas comprise two flat reflector surfaces having a certain angle to
another, and a dipole element (see Figure 1) The ease of construction and the obtainable
gain values of 10 to 14 dB make corner reflector antennas very suitable for home con-

Je— f—82 052 —f

I-MZ -'1

Fig. 1: Design and main dimensions of a corner reflector antenna

Whereas the dimensions of the reflector are very uncritical, the spacing of the dipole (d)
determines both the gain and impedance of the antenna. This spacing and the corresponding
gain was given in computer-calculated diagrams in (1). These diagrams were not easily
readable and had therefore been redrawn and the gain values given in dB over dipole (Figure
2). The maximum gain values obtainable coincide very well with the data given in (2), how-
ever, the spacings between dipole and apex of the corner reflector are somewhat different.
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Fig. 2: Gain referred 10 a dipole as function of the spacing between dipole and reflector apex
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As has already been mentioned, also the feed point impedance of the dipole changes,
dependent on the spacing to the apex of the corner reflector, and this dependence is
different for each angle. Since no values were given in (1), the values given in (2) had to be
used. The values of the feedpoint impedance of a dipole (not folded dipole), at the spacing
for maximum gain, are given in Table 1:

Angle 45° 60° 90° 180°
Spacing dopl 0.85 & 0.68 A 0.50 A 0.25/0.75 A
Max. antenna gain (dipole) 14 dB 12 dB 10 dB 4 dB
Feedpoint impedance 150 Q 130 Q 120 Q 75/70 Q

Table 1: Nominal values for the most iImportant corner reflector antennas

Since the feed point of the dipole is symmetrical, preferably a 4/2 balun transformer is used,
which will provide an impedance of 38 Q unbalanced in the case of the corner reflector
antenna with the highest gain (angle 45°). This value can be transformed up to 60 Q with the
aid of an electrical A/4 length of 50 Q cable which would allow 60 2 feeder cable to be used.
In the case of 50 Q2 feeders, it will be necessary to use a A/4 transformation piece at an impe-
dance of Z = 43.3 Q.

Of course, spacings can also be selected which provide a feedpoint impedance of 50 or 60 Q
(corresponding to 200 or 240 Q in the case of a folded dipole).

However, this will not coincide with the maximum antenna gain as will be seen in Figure 2,
The editors would be very grateful if any of our readers were able to measure such an
antenna under laboratory conditions, at least at corner reflector angles of 45° and 60°. It
would then be possible to clear up the conflicting information of the two references given.

Table 2 gives the dimensions of corner reflector antennas having a reflector angle of 45°. The
dimensions have only been given for those bands where reasonable dimensions are possible.

Amateur band 435 MHz 1275 MHz 1296 MHz 2304 MHz
Reflector length L 1200-1700 mm 400-600 mm 400-600 mm 220-330 mm
Reflector width B min. 420 mm min. 140 mm min. 140 mm min. 80 mm
Dipole spacing 586 mm 200 mm 197 mm 111 mm
Dipole length 320 mm 106 mm 104 mm 58 mm

Table 2: Dimensions of 45° corner reflector antennas for the UHF amateur bands

A shortening factor of 0.9 has been taken into consideration when calculating the dipole
length since the dipoles are relatively thick with respect to the wavelength.

(1) Proctor D.: Graphs simplity corner reflector antenna design
MICROWAVES, July 1975, Pages 48 and 52

(2) Rothammel, K.: Antennenbuch
Telekosmos-Verlag Stuttgart 1976, Edition 4, Pages 397 - 400
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NOTES and MODIFICATIONS

The following information on the 24 cm converter DJ 5 XA 004 is quite extensive. However,
this is not because there are so many errors in the original description, but more because it
provides information of general interest with respect to UHF frequency generating. The modi-
fication of the frequency plan and use of the stripline transistor BFW 92 are not absolutely
necessary but provide a power reserve.

The same is valid for the overrange indication in the case of the DK 1 OF digital multimeter,
This modification is an interesting example on the transition between analog and digital tech-
nology, but hardly important for the operation of the equipment.

1. 24 cm CONVERTER DJ 5 XA 004

Examination on a spectrum analyzer has shown that the input and output circuit of the last
oscillator stage (T 4: BF 479) is not correctly dimensioned. No maximum is observed for the
required frequency on rotating trimmer C 4, immaterial what type and capacitance is used. It
has been seen that a large number of spurious lines are generated that cause a higher diode
current and thus seem to indicate a resonance condition. This also results in too good a
measured noise figure; the more spurious reception points, the more noise will be accepted
from the wideband noise spectrum. The sensitivity at the required frequency will also be
deteriorated. The output circuit L 6/ C 5 can also not be resonated.

The operation of the local oscillator chain can be checked by only installing one mixer diode
and measuring its current. The antenna input is terminated with 50 €, and the current of D 1,
and then of D 2 is measured. If there is a great difference in current (1:20 or more) this will
indicate that the oscillator frequency is far from the nominal value (Attention: the current flow
in D1 is opposite to D 2). This could be, for instance, 840 MHz instead of 1260 MHz. The
difference in current will be present because the hybrid-ring is not designed for the other
frequency. The following modifications ease the alignment to the correct harmonic and im-
prove the spectrum purity of the local oscillator signal.

1.1. The BF 223 used for T 3 is replaced by another type with a higher transit frequency, and
is then used as a frequency tripler. The subsequent stage (T 4) then doubles to the re-
quired frequency. The frequency plan after modification is approximately: 70 - 210 - 630 -
1260 MHz. The transistors BFR 90, BFR 34 A or BFW 92 are suitable, and can be directly
soldered to the conductor lanes on the lower side of the PC-board.

1.2. Inductances L 4 and L 5 should be as follows: Bend from 0.8 mm silver-plated copper
wire as shown in Figure 1a and place solder to the original holes in the PC-board, The
position of the inductances given by the original holes provides the correct coupling.

1.3. Modify the series circuit L5/ C 4 to a parallel circuit as shown in Figure 1b. Disconnect

the conductor lane from C 4 to L 5, and connect the hot end of C 4 to the hot end of L §
with a short piece of metal foil, and the cold end of L 5 to ground.
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The emitter connection should only be connected to the 100 €2 resistor and an additional
coupling capacitor of 0.3 to 0.6 pF. The other end of this capacitor should be connected
to the top of the U-shaped inductance of the L 5 / C 4 circuit.

Modity the resonant line circuit comprising L 6 according to Figure 2. Reduce the total
length to approx. 25 mm before bending. Saw a slot in the board at the base of L 6, and
after installing this inductance solder above and below the board.

A low-loss trimmer (preferably with glass dielectric) should be used for C5. A hole is
drilled 10 mm from the edge of the board for this trimmer, and the surface around the
hole carefully tinned to ensure a good ground connection of the trimmer on both sides
of the board.

Modern plastic foil trimmers have a large variation range which means that it is possible
to tune the frequency multiplier to the wrong harmonic. For those constructors without
frequency or wavemeter, it is important that the inductance dimensions are accurate and
the following trimmer positions result:

Capacitors C 1 and C 2 are inserted by over half at 210 MHz (at 1/3 Insertion, frequency
quadrupling will occur). C 3 is approx. 1/3 inserted and C 4 about 1/4

All resonant circuits and the emitter resistor of T3 are aligned for maximum diode
current of one mixer diode (approx. 1.5 mA is obtainable). The second diode can then be
installed and Pt 6 and Pt 7 interconnected with respect to UHF.

A weak 23 cm signal is now received on the converter and C5 aligned for minimum
noise. The emitter resistor of T 3 is adjusted towards higher values until minimum noise
Is obtained.

After modification, the spurious lines at 630 MHz and 1890 MHz will be at least 26 dB
down. The selectivity at these frequencies is only made in the resonant circuit L5/ C5.
The spurious lines spaced 70 MHz or 210 MHz in the local oscillator spectrum are 46 dB
down on the required signal due to the bandfilter coupling.
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1.7. For ATV operation with direct conversion to the standard TV-IF of 38.9 MHz, which is
recommended when strong TV-Band | signals are present in the area, the following
modifications are required:

Crystal frequency: (1252.5MHz + 389 MHz) + 18 = 71.7444 MHz
L7 L8:5/13turns; L9 L10: 13/3 turns

2. IMPROVED CIRCUIT FOR THE OVERRANGE INDICATION OF THE DK 1 OF
DIGITAL MULTIMETER

In the previous circuit for the overrange indicator (flasher), the negative input voltage of the
analog-digital converter is compared with a positive reference voltage. In this case, the
negative voltage (amplified measuring voltage) is connected via a voltage divider to + 15V,
The current flow via the resistors for adjustment of the full-range (R 277, R 278, and R 279)
causes various different voltage drops that have an effect on the readouts.

These errors must be corrected by the zero-correction. However, since the voltage-divider
remains unchanged the overrange indication can start blinking too soon or too late. If the
multimeter is to be calibrated, it will be necessary to correct the zero-point after each adjust-
ment of these potentiometers. This makes the alignment both time-consuming and difficult.
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The circuit given in Figure 1 operates digitally and does not exhibit these disadvantages. A
divide-by-two and an SN 7473 storage are added and connected to the output of the analog-
digital converter. Low-level is present at the output of this storage as soon as the counter
indicates more than 1999. Since the readout 0100 is valid for the zero-point, 1900 will be
indicated instead of 2000. As can be seen from the puise plan in Figure 2, the level at the
output of the storage is not a suitable criterion on its own. The readout of the one at the
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thousands digit must also be evaluated. The range is first exceeded when it is not driven, and
a low level is present at the output of the storage at the same time. This means that zero
must also be present at connection 8 of | 265 (DK 1 OF 026).

The original overrange circuit can be driven from these two outputs so that — 10 V will not be
exceeded at their inputs when low level is present.

The additional IC SN 7473 and three resistors can easily be accomodated on a Vero-board,
and connected to PC-board DK 1 OF 025. Attention should be paid when aligning potentio-
meter R 291 of the original overrange circuit that the overrange warning actuates after
exceeding a readout of 1999, and not at 1900,

It would also be possible for a lamp to be driven via a PNP transistor. However, a blinking
indication would then not be possible.

3. PROGRAMMABLE FOX-HUNT RECEIVER DL 9 FX 006/007
Since some tendency to self-oscillation was noticed by a number of constructors, the author

has experimented to determine improvements. These are available from the publishers, and
can be brought in VHF COMMUNICATIONS if there is sufficient interest.

MATERIAL PRICE LIST OF EQUIPMENT
described in Edition 1/1977 of VHF COMMUNICATIONS

DJ 4 LB 006 TWO-STAGE LINEAR AMPLIFIER for 70 cm ATV (1.5 W) Ed. 1/1977

PC-board DJ4LB0O06  (with printed plan) DM 12—
Semiconductors DJ4 LB 006 (3 transistors, 4 diodes) DM 75—
Minikit DJ4LB006 (4 tantalium caps., 5 trimmers, 2 chip caps.,

5 ceramic caps., 1 cooling fins, 1 ferrite bead,
3 ferrite chokes, 2 BNC sockets, 1 TEKO box,

2 trimmer potentiometer) DM 43—
Kit DJ4LB006  with above parts DM 128.—
TOTAL KIT DJ 4 LB 001 - 006 — Price only: DM 520.—
PC boards DJ 4 LB 001 - 006 - Price only: DM 60.—
DJ 6 Pl 004 VESTIGIAL SIDEBAND FILTER FOR ATV TRANSMITTERS Ed. 1/1977
PC-board DJ 6 Pl 004 (with printed plan) DM 11—
Complete filter aligned and ready to operate DM 63—

Verlag UKW-BERICHTE, H. Dohlus oHG

JahnstraBe 14 — D-8523 BAIERSDORF
West-Germany - Telephone (0 91 91) 91 57 or (0 91 33) 855, 856

Bank accounts: Raiffeisenbank Erlangen 22411, Postscheckkonto Nurnberg 30455-858
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SALZBURG 1 ~ A Fox-Hunt Receiver for the 2 m Band

Matching Circuits for Schottky Ring Mixers
ATV Information

FM-Handheld-Transceiver for the 2 m Band
A Numerical Indication System

A Simple Digital Clock

Antenna Notebook

A Relatively Simple Linear Transmit-Converter

from 144 MHz to 1296 MHz

Receive Converter with Schottky Diode Mixer for 24 cm
ATV Information

Ten Meter Version of the DC 6 HL Transceiver

An FM-Handheld Transceiver for the 2 m Band

Part 2. Construction and Alignment

Concept of a Combined SSB Station for both 2 m and 70 cm

A Precision Digital Multimeter / Part 1: Analog/Digital
Converter, Decoder and Indicator Modules

The Most Important Features and Characteristics
of GHz Antennas

A Transmit Converter for 432 MHz with Schottky Ring Mixer
Design of Transistor Frequency Multipliers
Estimating the Signal-to-Noise Ratio of an ATV-Link

Modification of the STE Receiver ARAC 102 for Reception
of the OSCAR Satellites in the 10 m and 2 m Band

A Universal Converter for HF and VHF

A Second Version of the Modular AF-Amplifier
and Voltage Stabilizer

A Precision Digital Multimeter

Part 2: Input Amplifier and Power Supply

A Converter for the 13 cm Band Equipped with
Two Preamplifier Stages and an Active Mixer

A Converter for the 13 cm Band
Part 2: The Local Oscillator Module

Tubular Radiator for Parabolic Antennas
on the 13 em Band

Interdigital Filters for the 24 cm and 13 cm Band

Balun Transformers for 23 cm and 13 cm
from Semi-Rigid Cable

A Power Amplifier for the 23 ecm Band

Equipped with the 2 C 39 Tube

Designation of the Microwave Bands and Waveguides
Mixer and Preamplitier Noise at SHF

VHF Services Suitable for Use as Propagation Indicators

A Sensitive 500 MHz 10:1 Prescaler and
Praamplitier for Frequency Counters

Calling-Tone Decoder and Oscillator
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Are you interested

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 7.00 including surface mail.

Order your binder via the national representative
(see page 2) or direct from the publishers of
VHF COMMUNICATIONS (see below),

in purchasing one ore more individual copies in order to complete your library, or take advantage
of our special offer of 3, 6 or all 10 volumes if you do not know VHF COMMUNICATIONS.

The prices (in DM) are as follows:

70-74 75-78 79-80
Individual copies 4.00 4.50 5.00
Individual volumes 14.00 16.00 18.00
Any 3volumes 36.00 40.00
6 volumes 70-75 65.00
All 11 volumes 70-80 140.00

Plastic binder for 3 volumes: DM 7.00

Above prices include surface mail .

Orders via the national representative (see page 2) or direct to the publishers:

/berichte terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

-64 -

Tel. 09133/855



Getting ready for OSCAR 9 ?
Then you need the Vertical Rotor KR 500

Especially designed for vertical tilting
of antennas for EME, OSCAR etc.

Type KR 500
Load ca. 250 kg
Brake torque 197 Nm *)
Rotation torque 40 Nm *)
Horiz. tube diam. 32 -43 mm
Mast diameter 38 - 63 mm
Speed (1 rev.) 74 s
Rotation angle 180° (+ 5%)
Control cable 6 wires
Line voltage 220 V/50 Hz 30 VA
Weight 4.5 kg

Antenna rotating system as described in 1/1977 of
VHF COMMUNICATIONS

We have designed an antenna rotating system for
higher wind loads. This system is especially suitable
when it is not possible to install a lattice mast, The
larger the spacing between the rotator platforms, the
lower will be the bending moment on the rotator.
This means that the maximum windload of the
antenna is no longer limited by the rotator, but only
by the strength of the mast itself and on its
mounting. Please request the prices either from your
National representative, or direct from the publishers,

This system comprises:

Two rotator platforms

One trust bearing

One KR 400 rotator, or other rotator,

k UKWtechnik Terry Bittan - Jahnstr.14 - Postfach 80 - D-8523 Baiersdort
Tel. 09133/855



CRYSTAL FILTERS OSCILLATOR CRYSTALS

SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS
CW-FILTER XF-9NB sce table
SWITCHABLE SSB FILTERS

for a fixed carrier frequency of 9.000 MHz

XF-9B 01 XF-9B 02

8998.5 kHz for LSB 9001.5 kHz for USB

See XF-9B for all other specifications
The carrier crystal XF 900 is provided

Filter Type XF-9A XF-98 XF-8C XF-8D XF-9E XF-ONB
Application SSB SSB AM AM FM cwW
Transmit

Number of crystals 5 8 8 8 8 8
3 dB bandwidth 24 kHz 23 kHz 36 kHz 48 kHz 11.5 kHz 04 kHz
6 dB bandwidth 25kHz 24 kHz 375kHz 50 kHz 120 kHz 0.5 kHz
Ripple <1dB < 2dB <2dB <2dB <2dB <05dB
Insertion loss <3dB <35dB <35dB <35dB <365d8B <65d8
——— 2 500 Q 500 Q@ 500 Q 500 O 1200 Q@ 500 Q

Cc 30 pF 30 pF 30 pF 30 pF 30 pF 30 pF
Shapn oowt (6:50dB) 1.7 |(6:60dB) 1 8 |(6:60dB) 1.8|(6:60dB) 1.8|(6:60dB) 1.8(6:60dB) 2.2

(6:80dB) 2.2 |(6:80dB) 2.2 |(6:80dB) 2.2 |(6:80dB) 2.2 |(6:80 dB) 4.0

Ultimate rejection > 45dB >100dB >10048 > 100 dB >980dB >90dB

XF-9A and XF-9B complete with XF 901, XF 902
XF-9NB complete with XF 803

D 6924 Neckarbischofsheim - Postfach 7
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