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Matjaz Vidmar, S33MV

Tracking Generator for the
Spectrum Analyser 100 kHz to

1750 MHz

L
TRACKING GENERATOR
PRINCIPLES

A basic and very useful addition to a
spectrum analyser is a tracking genera-
tor. A tracking generator produces a RF
signal on the exact frequency where the
spectrum analyser is receiving at the
same time. A fracking generator there-
fore allows testing many passive and
active RF circuits that do not produce
any RF signals on their own, like filters,
amplifiers etc. With an additional direc-
tional coupler or bridge, reflection
measurements can be performed in the
whole frequency range covered by the
spectrum analyser.

The simplest tracking generator is a
wideband noise source, since part of the
noise power always falls in the instanta-
neous receiving bandwidth of the spec-
trum analyser. Since the noise figure of
typical spectrum analysers is rather high,
in the range around 15-20dB, the re-
quired ENR (excess noise ratio) of the
noise source is very high. Further, the
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dynamic range of noise measurements is
quite limited, since the device under test
and the input of the spectrum analyser
are both loaded with much larger power
levels than are actually being measured.
Finally, noise measurements always re-
quire some averaging (video filtering)
due to the random nature of noise
signals.

To avoid the drawbacks of noise meas-
urements, almost all manufacturers offer
tracking generators that produce a co-
herent sinusoidal signal on the receiving
frequency of the spectrum analyser,
either built-in or as separate units. A
tracking generator usually does not
include very expensive components.
Nevertheless, commercial tracking gen-
erators may be quite expensive, up to
one quarter of the cost of the spectrum
analyser. Therefore it makes sense to
build companion tracking generators
even for commercial spectrum analysers.

A tracking generator designed to operate
with the spectrum analyser described in
[11 or [2] will be described in this
article. Since most commercial spectrum
analysers use similar frequencies for the
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first IF (usually in the range 2...3 GHz), .

many of the described circuits are also
useful to build a tracking generator for a
commercial spectrum analyser. Of
course, the exact circuit diagram of a
tracking generator should match the
frequency conversions in the corre-
sponding spectrum analyser.

A tracking generator obtains its output
signal exactly in the opposite way the
different frequency conversions arc
made inside the spectrum analyser. A
tracking generator therefore requires the
signals from all variable oscillators
(VCOs) inside the spectrum analyser.
Most spectrum analysers therefore have
the signals of the f[irst, second and
third local oscillator
accessible on suitable RE connectors on

sometimes  even

the front panel or sometimes back panel.

The spectrum analyser, described in [1]
or |2], includes two variable oscillators
{(VCOs) for the first and second conver-
sion. A suitable tracking generator re-
quires the same conversion processes in
the reverse direction, as shown on the
block diagram in Fig.1. First, the track-
ing generator should add the frequency
of the second [F (around 70 MHz) to
the second VCO at 2.03 GHz (+/-10
MHz). The sum is a signal at the first TF
around 2.1 GHz. The latter is afterwards
subtracted from the frequency of the
first VCO (2.1...3.85 GiHz). An automat-
ic-gain-control (AGC) loop is used to
stabilise the output-signal amplitude
over the whole frequency range 100
kHz...1750 MHz.

Frequency summation and subtraction
can be performed in different ways:
using mixers and filters or with phase-
locked loops (PLLs). All signals inside

the tracking generator have relatively
high levels, Unwanted mixing products
should be monitored carefully, On the
other hand, thermal noise is not very
important if compared to the design of a
spectrum analyser or other receivers,
Finally, suitable shielding should be
provided to avoid unwanted signal paths
as well as using buffer amplifiers to
provide the required separation wher-
ever necessary.

In the described tracking generator, the
first frequency summation 70 MHz and
2.03 GHz is performed by a phase-
locked loop. The second conversion
(subtraction) of the 2.1 GHz first IF
from the first LO 2.1..3.85 GHz is
performed by a balanced mixer followed
by a lowpass filter on the output. Two
identical buffer amplifiers are used for
both VCO signals to prevent any infer-
ference from the tracking generator back
into the spectrum analyser.

The AGC sets the output-signal level to
about ImW {+0dBm}). The latter can be
turther attenuated down to -40dBm
when required on the main tracking-
gencrator output. An auxiliary, fixed
-10dBm output is provided for a fre-
quency counter.

The described tracking  generator in-
cludes nine shielded RF modules and a
power supply. Some modules are identi-
cal to those in the spectrum analyser: the
PLL mixer is identical to the second
mixer in the spectrum analyser while the
output mixer is identical to the first
mixer in the spectrum analyser. The
output attenuator with four 10dB steps is
identical to the input attenuator in the
spectrum analyser. Of course, the de-
scription of all identical modules will

not be repeated.
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2.
BUFFER AMPLIFIERS

The tracking gencrator includes two
identical buffer amplifiers for the signals
of both VCOs in the spectrum analyser.
The buffer amplifiers have two main
functions: amplify the signals of both
VCOs to about +13dBm to drive both
mixers and prevent any signals from the
tracking generator returning back in the
VCOs and mixers of the spectrum
analyser.

The circuit diagram of (one) buffer
amplifier is shown in Fig.2. The buffer
amplifier includes a -10dB attenuator
and two amplification stages. The input
attenuator allows a good input imped-
ance match even with the power turned
off. Even more important, the input
impedance does not change much after

0pb8 s

2.4...3.856 Hz

400p 330

+8V

turn-on, so that the frequency pulling of
both VCOs inside the spectrum analyser
is kept small enough.

The input attenuator is followed by a
simple amplifier stage with a BFP420
transistor. The high-frequency gain de-
cay of the latter is partially compensated
by the 0.68pF capacitor in parallel to the
68 resistor in the attenuator. The output
stage uses an ATF35176 HEMT to
obtain the required output power. The
output of the buffer amplifier is con-
nected through a short piece of UT-085
semi-rigid cable, used at the same time
as a balun inside the balanced mixer.

Both amplifier stages are supplied with
I8V through suitable resistors and
feedthrough capacitors. The operating
point of the output stage may change
due to the Idss tolerances of the
ATF35176 HEMT. but these changes

A00p

ATESEATE g, 2.4, B.856H:

+43dBn

A0Q

NE DI'\'\A ﬁ\q

Fig.2  Buffer Amplifier
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have little effect on the performance of

the amplifier. The drain voltage (Uds)
may be anywhere in the range 2..3.5V.

B
PLL FOR 2.1 GHz

The first signal-processing step inside

the tracking gencrator is the addition of

the second VCO frequency and the
second IFF. Of course, the tracking
eenerator should contain its own oscilla-
tor to generate a signal on the second [F
around 70 MHz. The two frequencies
could be simply added in a mixer.
Unfortunately, the filtering of the output
signal would require a complex cavity
bandpass filter to remove the image at
1.96 GHz as well as the second VCO
leakage at 2.03 GIHz. Further, an AGC
circuit would be required to
overdriving the mixer.

avoid

The same task can be performed by a
phase-locked loop with its own VCO
operating at the output frequency of 2.1

Fig.3 VCO for 2.1 GHz
70

GHz. A small fraction of the latter is
mixed with the second VCO signal at
2.03 GHz coming from the spectrum
analyser. The difference of the two
frequencies is compared with the nomi-
nal second IF value and the result of this
comparison is used to correct the fre-
quency of the 2.1 GHz VCO. The 2.1
GHz signal does not require any further
filtering. However, the PLL should be
designed to achieve Jock reliably and to
track the 2.03 GHz signal even when the
frequency of the second VCO in the
spectrum analyser 1s swept.

The VCO for 2.1 GHz (shown in I'ig.3)
is very similar to the second VCO in the
spectrum analyser operating at 2.03
GHz. Since only a relatively narrow
frequency range around 2.1 GHz has to
be covered, a single tuning Varactor
BB833 is sufficient in the central finger
ol the interdigital bandpass.

A BIPI83

transistor 15 used as the

active device inside the VCO, while an
INA10386 MMIC is used as the output
buffer. A dircectional coupler takes a
small part of the output signal (around
-5dBm) for the PLL mixer.
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The VCO for 2.1 GHz is built on an
identical printed-circuit board as the
narrowband VCO in the spectrum ana-
lyser. Besides a different Varactor, both
the collector and basc microstrips are
shortened by about 2mm at their open
ends to achieve a higher operating
frequency. The control-voltage lowpass
network has to be designed carefully to
allow a fast response of the control
loop.

The PLL mixer is identical to the
second mixer in the spectrum analyser.
The -5dBm VCO output is connected to
the 2.8 GHz lowpass inside the mixer
module, while the buffer amplifier is
connected to the semi-rigid balun. The
frequency difference (around 70 MHz)
is taken from the 800 MHz lowpass.

The comparison between the nominal
value 70 MHz and the actual frequency
difference - is performed by the PLL
logic shown in Fig.4. The PLL logic
includes a reference crystal oscillator,
two dividers for the reference frequency
and the actual frequency difference and
a charge-pump frequency/phase compa-
rator,

While the PLL is unlocked, the actual
frequency difference may deviate sub-
stantially from the nominal value around
70 MHz. An upper limit of about 140
MHz is set by the input divider 74F74
with the suggested BFP183 driver. The
frequency difference is divided by 64,
while the 8.8 MHz reference is
divided by 8. The 1.1 MHz comparison
frequency allows fast tracking of the
narrowband VCO in the spectrum ana-
lyser even when the frequency of latter
is swept.

The reference
72

crystal-oscillator  fre-

quency is selected to 1/8 of the second
IF of the spectrum analyser. Of course,
the exact value depends on the compo-
nents used in the spectrum analyser, in
particular the crystal used in the third
conversion (usually 60.000 MHz) and
crystal filter (usually 10.700 MHz). For
a nominal second IF wvalue of 70.700
MHz a reference crystal oscillator at
8837.5 kHz is required.

The output-voltage (Vf) range of the
charge-pump frequency/phase compara-
tor {max 0..+5V) usually has to be
further reduced by the two lkohm
trimmers. The frequency difference
should never become too large (140
MHz limit imposed by the 74F74 di-
vider) nor should the PLL be allowed to
lock onto the image response of the
mixer. The charge pump with the two
Schottky diodes BAT62-03W is fol-
lowed by a RC lowpass network. defin-
ing the settling time and stability of the
fecdback loop.

4.
OUTPUT MIXER,
AMPLIFIER AND AGC

The second signal-processing step is the
subtraction of the 2.1 GHz frequency
(first IF of the spectrum analyser) from
the first LO frequency 2.1..3.85 GHz
All unwanted spurious conversion prod-
ucts from a correctly-designed mixer can
simply be removed by a lowpass filter
on the output, leaving only the desired
signal in the frequency range 0...1750
MHz. On the other hand, it is very
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LPF 2.8GHz

Fig.5: AGC

difficult to build a PLL covering such a
wide frequency range.

The output mixer is identical to the first
mixer in the spectrum analyser. The
latter module includes a 1.75 GHz
lowpass. The wideband-VCO signal
(2.1...3.85 GHz) is fed through a buffer
amplifier directly to the semi-rigid balun
of the output mixer. No further process-
ing is required, since the harmonics of
the first spectrum-analyser LO do not
cause any harmful spurious frequencies
in the tracking generator.

On the other hand, the tracking genera-
tor is sensitive to the harmonics of the
2.1 GHz first-IF signal. The latter may
cause spurious mixing products in the
output-frequency range 0...1750 Mz
Therefore. any harmonics of  the
2.1 GHz signal have to be removed.
Further, the 2.1 GHz signal level has to
be controlled carefully to avoid mixer
non-linearities.

The 2.1 GHz harmonics are removed by
a 2.8 GHz lowpass filter, followed by a
PIN-diode attenuator to set the signal
level for the mixer. Both circuits are
included in the AGC module shown in
Fig.5. The PIN attenuator is followed by
another 2.8 GHz lowpass in the output
mixer module.

The PIN attenuator includes three PIN
diodes BA396 connected in a Pl net-
work. The BC238 transistor feeds all
three PIN diodes with suitable DC
currents to keep the input and output
impedances stable while adjusting the
attenuation. The AGC control vollage
spans from zero to +8V. Minimum
attenuation is achieved at +8V while
zero provides maximum attenuation.

Since the output mixer operates in the
linear region, the output signal is rela-
tively weak, around 10uW or -20dBm.
To increase the output signal level and
drive the AGC detector, an output
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A00m

Fig.6: Output Amplifier

amplifier is required as shown in Fig.6.
The latter is built with an INA10386
MMIC that provides 26dB gain and an
output power of more than +10dBm in
the whole frequency range up to 1750
MHz.

The INA10386 MMIC amplifier re-
quires DC decoupling capacitors on
both the input and output. The latter
limit the lower end of the frequency
range of the tracking generator to about
100 kHz. Each coupling capacitor in-
cludes a parallel connection of two
SMD capacitors: first a low-loss, 100pF
NP0 0805 capacitor is_soldered on the
printed-circuit board and afterwards a
100nF, lossy Z35U 1206 capacitor is
soldered across the 100pF capacitor,

The AGC detector (Schottky diode
BAT62-03W) is connected directly to
the output of the TNA10386 amplifier.
The BC238 transistor operates as the
AGC feedback amplifier, while the time
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NAAD386

68

ASk
[RC22R AGC

constant of the feedback is set by the
680nF capacitor. Thanks to the AGC
action, the output amplifier behaves as a
voltage source. The output
(+0dBm) therefore requires a 51€2 series
resistor. The 150ohm and 68C2 resistors
allow an auxiliary -10dBm output and
provide a DC path to ground for the
AGC detector.

main

The main output of the tracking genera-
tor includes a step attenuator to decrcase
the output signal level down to -40dBm
in four 10dB steps. The design of this
attenuator is identical to the attenuator
used on the input of the spectrum
analyser. Due to the non-ideal frequency
response of the latter, better measure-
ment accuracy can be achieved with the
auxiliary -10dBm output, especially for
wideband measurements.
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Fig.8: Microstrip Printed Circuit Board Layouts (dimensions in mm)
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Fig.9: PLL Logic PCB Layout

5.
CONSTRUCTION TIPS

The tracking generator is built in a
similar way as the corresponding spec-
trum analyser, described in [1] or [2].
All modules are installed in shielded
boxes from 0.5mm thick brass
sheet, Most modules require a 18V
supply voltage obtained from the 7808
regulator shown in Fig.7. The PLL logic
has its cwn 7805 regulator inside the
module and requires a +12V external
supply. The tracking generator is
equipped with an ON/OFF switch on the
front panzl to allow an immediate check
of the signals shown on the spectrum-
analyser display.

made

Except for the PLL logic, all other
modules use microstrip circuit boards.
Some of the latter were already de-
scribed in the spectrum-analyser article,
while the new ones are shown in Fig.8.
All micrastrip boards arc etched on one
side of a 0.8mm thick FR4 Glass-
fibre-epoxy laminate, while the other
side is not etched to act as a ground-
plane. The PLL logic is built on a
single-sided board shown in Fig.9 and
etched on 0.8mm thick FR4 laminate.

Microwave absorber foam is built under
the cover of two modules: buffer ampli-
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fier for the wideband (2.1...3.85 Gllz)
VCO and output mixer. Other modules
usually do not require any absorber
foam inside. Microwave absorber is also
not required in the space among the
shielded boxes.

The tracking-generator module location
is shown in Fig.10. The tracking genera-
tor has the same depth (240mm) and
width (220mm) as the spectrum ana-
lyser. so that the two boxes can be
stacked easily one over another. The
height of the tracking generator is only
32mm, since all modules are located in
a single plane. The bottom of the box is
simply a piece of Imm thick aluminium
sheet, bent in the form of an “U”. The
similar “U” made from
0.6mm thick aluminium sheet.

cover is a

6.
ALIGNMENT AND CHECK-
ouT

The tracking generator is a much sim-
pler piece of test equipment than the
spectrum analyser. Correspondingly the
alignment and checkout should be much
simpler too.
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Of course, the spectrum analyser should
be available at all times to supply the
signals of both VCOs. Before connect-
ing all tracking-generator modules to-
gether, it makes sense 10 make a few
simple checks on each module sepa-
rately. In all modules it makes sense to
check the DC bias points of all semicon-

ductors. Most simple errors can be
detected in this way. Next some RF
checks can be performed. Both buffer
amplifiers should be checked for the
output RF power level when driven by
the corresponding VCO in the spectrum
analyser.
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The VCO needs fine tuning of the
frequency coverage. since the microstrip
board was originally designed for a
slightly lower frequency in the spectrum
analyser. Of course, the operating fre-
quency of the VCO should be monitored
while carefully shortening the base and
collector strips. The VCO should
achieve the nominal operating frequency
of 2.1 GHz at a tuning voltage of
3...3.5V. Further, the VCO should oper-
ate without dropouts through the whole
range of wning voltages 0...+5V. Trim-
ming of the centre finger of the BI3833
Varactor may also be required.

In the PLL logic, the operation of the
crystal oscillator should be checked
first. Both lkohm trimmers should be
set initially with the sliders on the
respective “hot™ ends. to allow the
widest span of the output voltage Vf.
Without any input signal V{ should
reach almost +5V. If a frequency above
70.7 MHz is fed to the input (for
example a grid-dip meter coupled
through a small wire loop), the VI
output should drop to zero.

Using the already tested modules, the
2.1 GHz PLL can be assembled and
tested. While the PLL is locked, the DC
voltage on the LOCK test point should
drop to less than 0.2V. Both lkohm
trimmers in the PLL logic are then set
for a frequency coverage of +/-60 MHz
around the nominal frequency of 2100
MHz. While testing the PLL, the main
output of the VCO should be terminated
properly on a matched load.

After the alignment of the PLL is
completed, the remaining modules of the
tracking generator can be wired to-
gether. The latter do not include any
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alignment points, but their operation
should be verified. The spectrum ana-
lyser should be set to scan the whole
frequency band 0..1750 MHz with the
widest (4 MHz) IF filter. While connect-
ing the output of the tracking generator
to the input of the spectrum analyser,
the whole trace should raise almost to
the full scale. The trace will not be
perfectly straight. The required fine
adjustments to flatten the response will
be described later. The next step is to
test the tracking gencrator with narrower
IF filters. There will probably be no
change with a 700 kHz IIF bandwidth.
However, the response will probably
drop with narrower 1I° filters. The
response should be brought back to its
original value by adjusting the crystal
oscillator in the PLL logic. If the range
of the trimmer is insufficient, a parallel
capacitor may be added or the trimmer
may be replaced with an adjustable
inductor. In the worst case, the crystal in
the PLL logic and/or the 60 MHz crystal
in the spectrum analyser may have to be
replaced.

In order to check the operation of the
AGC, the Y input of the oscilloscope
(used as the display of the spectrum
analyser) is temporarily connected to the
AGC line. Although the AGC voltage
may span 0..-8V, it shéuld remain in
the range +1.43V in a correctly-
operating tracking generator. A too high
or too low AGC vollage may suggest
what is actually wrong with the tracking
generator. While testing the AGC volt-
age, the main output of the tracking
generator should be terminated to a
matched load, otherwise the AGC volt-
age may move out of the required
+1..+3V range.
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The main checkout of the tracking
generator is completed at this point.
However, several minor adjustments
may be necessary both in the tracking
generator and in the spectrum analyser
to optimise the operation. In particular,
the frequency responsc of the spectrum
analyser should be flattened as much as
possible. Without any adjustments, the
response of the tracking generator con-
nected directly to the spectrum analyser
may deviate by as much as ~/-5dB.

Amplitude variations of the frequency
response of the spectrum analyser are
mainly caused by the first mixer and its
termination impedances. Additional im-
pedance matching may flatten the over-
all response and/or move dips to com-
pensate upward bumps in the response.
Some dips and bumps move quickly
while changing the length of the cable
connecting the first mixer to the cavity
filter.

Small picces of copper foil, soldered to
the output microstrip of the wideband
VCO module, are usually very efficient
in improving the impedance matching of
the LO mixer port.

A substantial mismatch, especially
above | GHz, is also caused by the two
step attenuators with toggle switches.
Above | Gllz it is therefore recom-
mended to wse the aux -10dBm output
to avoid at least one of the two step
attenuators. A better solution is to
connect external, fixed 10dB microwave
attenuators (with SMA connectors) to
both the tracking-generator output and
the spectrum-analyser input.

@
After all described fine adjustments, the
frequency response of the tracking gen-
erator and spectrum analyser connected
together should be within +/-2dB from
100 kHz to 1.6 GHz. The decay above
1.6 GHz is caused by the lowpass on the
input of the spectrum analyser. An
accuracy of +/-2dB is reasonable even
for much more expensive professional
spectrum analysers,

Of course, since the response of the
spectrum analyser and fracking genera-
tor can be measured easily, the resulting
error can simply be subtracted from the
real measurement result. Most manufac-
turers therefore offer an electronic stor-
age/mormaliser unit to be connected
between the spectrum analyser and the
oscilloscope display. An electronic stor-
age/normaliser (using cheap integrated
circuits) was also developed and built
for the described spectrum analyser and
tracking generator,

%
LITERATURE

[1] Matjaz Vidmar: ‘Spectrum
Analyser 0 to 1750 MHz,
VHF Communications 1/99,
pp 2-30
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published in AMSAT-DL Journal.
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10.
MICROWAVE MIXER
STAGES

10.1. Principles

The word “mixing”™ is a rather unfortu-
nate way of describing the function of
this stage. All mixer stages are actually
amplitude modulators.

A “tone” signal, which we shall hence-
forth refer to as the high-frequency
signal (RF signal), is amplitude-modu-

lated through a “carrier signal”, which is
usually generated by a carrier oscillator
hence the description “LO signal” in the
literature. In the ideal mixer, thanks to
this amplitude modulation, only the total
and difference frequencies are gener-
ated, whilst all other frequencies are
completely suppressed (Fig.65).

Both these signals are of interest here,
for we can mix upwards (filtering out
the total frequency) or mix downwards
to form a lower intermediate frequency,
as usually occurs in a superhet receiver,

Mischer

t
u

LD
LO-Signal ——=>

?

e~ RF-Signal Y

i

f—

v

| —>

IF-Ausgang

LO - RF

T
u

LO + RF

£ 1

Fig.65: Principle and Function of a Mixer
Mischer = Mixer, IF-Ausgang = IF output
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Fig.66: Additive Mixing on a Curved Characteristic
Gemisch aus HF- und LO-Signal = Mixture of HF and LO signals

10.2. Additive Mixer Stages

They probably represent the oldest form
of mixer, for all that is needed is any
component with a curved characteristic
or, to put it more precisely, with a
non-linear relationship between the cur-
rent and the voltage or between the
input signal and the output signal.

It makes no initial difference whether
this is a diode, a transistor, a field effect
transistor, a voltage-dependent resistor
or a filament bulb.

If both voltages are simultancously ap-
plied to the component selected as mixer
the LO signal usually has a higher
amplitude this LO signal now continu-
ously pushes the operating point to and
fro along the characteristic. So the
characteristic gradient for the smaller
high-frequency signal is permanently

changing and the amplitude modulation
required for the high-frequency signal
fraction is already present at the output!

Of course, no amplification can be
expected from the simple mixing circuits
with diodes. However, even today this
method is still used for mixing in many
Astra LNC’s with Schottky diodes.
Diode mixers in the dwarf wavelength
range will be with us for some time yet.

If, on the other hand, the basis emitter
segment of a bipolar transistor or the
gate source segment of an FET is used
as the modulator element, things are
already looking much better with regard
to amplification.

Since 1930, millions and millions of
superhet receivers have demonstrated
that this technology works well (see
Fig.66).
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However, if we now look at the precise
gradient of the output signal, we can
immediately recognise the main disad-
vantage of this very simple principle the
curved control characteristic does not
vield textbook AM but something which
is decidedly distorted. So in addition to
the total frequency and difference fre-
quency required, this signal gradient
also contains both the input signals fed
in (LO and HF), together with inmumer-
able harmonics and their combination
frequencies.

The onlv way Lo obtain acceptable
inter-modulation ratios is consequently
to work with low signal levels and good
filtration.

A pure diode mixer stage unfortunately
also has two additional secondary ef-
fects: Firstly, the attenuation already
referred to must be compensated by
additional amplification. Secondly, at-
tenuation always leads to an increase in
the noise factor of this assembly by the
amount of attenuation.

Thus we need a very good, low-noise
pre-amplifier with still higher amplifica-
tion and a very conscientious check
calculation to determine the total noise
factor of the system.
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10.3. Multiplicative Mixer

It would be better to identify this model
through its most important characteris-
tic. We are actually talking about the
relay mixer group. In the most simple
type of multiplicative mixer, the simple
modulator, the high-frequency signal is
“chopped up” to fit the rhythm of the
O signal (Fig.67). A squarc-wave
modulation is generated in this way, in
which the undesirable signal fractions
and interference products in the output
signal are reduced by 20 to 30dB, as
against additive mixing.

Of course, we now need a considerably
higher LO voltage, which must usually
have a peak-to-peak value of at least |
to 1.5 V, which is equivalent to a
minimum level of + 7dBm. A genuine
square-wave voltage of this amplitude,
with flanks as steep as possible, is even
better than the usual sinusoidal form.
The electronic switch must actually be
opened in a flash to fit the rhythm of the
carrier frequency and must be closed
again just as fast. Only in this way can
we arrive in the initial control character-
istic segment with the strongest curva-
ture, which also produces the most
distortions, as quickly as possible. This
naturally has a more favourable effect
overall on the distortions arising.
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Fig.68: Modern Multiplicative
GaAsSFET Mixer

But there is one disadvantage we should
not hide. Neither the TF signal nor the
LO signal is suppressed in this circuil.
They emerge at the output and must be
eliminated with filters. By using active
components such as  transistors or
FET’s, mixing amplification can be
obtained with this circuit as well.

A simplified version of the inner work-
ings of a modern, integrated mixer
moedule constructed according to this
operating principle can be seen in
Fig.68. It is easy to recognise the two
GaAsFETs, the lower one of which
operates as an amplifier for the high-
frequency signal. The other one, by
confrast, acts as an “on/off swilch,
activated by the LO signal”.

The circuit will certainly look familiar
to one or two people. It is a “well-
known cascade connection”.

This circuit is at present replacing the
Astra LNCs at breakneck speed i.e. all

@
kinds of passive diode mixers at
12 GHz, since they provide.considerable
amplification, At the same time, the
FET acting as “chopper up” serves as
the conversion oscillator. This means
additional components can be saved on
and the costs can be reduced.

However, anyone wanting to come as
close as possible to the ideal mixer must
resort to the balanced mixer. This is
well known as the ring modulator or
double balanced mixer, with 2 transmit-
ters and 4 diodes. It not only chops
signals up, but switches poles through
180° as well (Fig.69). This balanced
principle not only reduces the harmonic
content further but also reduces the
suppression of the two input signals. If
we now also take it into account that the
[.O signal acting as the turn-on voltage
should, as far as possible, be 20dB
above the high-frequency level, there is
not much left to be desired in a mixer,

Naturally, the double balanced mixer
can also be created using active compo-
nents, A distinction should certainly be
made between two methods:

a) The diodes in the circuit are replaced,
for example, by power MOSFET’s, to
make use of their superior characteris-
tics as almost perfect electronic high-
current switches, This naturally in-
creases the saturation resistance and the
IP3, but we now need quite a few Volts
for the turn-on voltage amplitude to
switch these components on and ofl
rapidly enough. Unfortunately, this cir-
cuit also has the passive mixer’s attenua-
tion at least 6dB.

by In contrast, if we do not wish to
dispense with mixing amplification, be-
cause we are actually using active
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Fig.69: Principle and Functioning of a Ring Modulator
Arbeitsweise = Functioning, Null = Zero, Grad = Degrees

components, then we will need three
differential amplifiers in all. The way
they interact can easily be seen from
Fig.70. For assembly 1, we actually
need only switch the power supply
voltage over to fit in with the rhythm of
the LO signal, thus putting either ampli-
fier 2 (without phase reversal) or ampli-
fier 3 (with 180° phase rotation) into
operation alternatively. These two am-
plifier stages are therefore connected up
in parallel at the input and output for the
high-frequency signal path.
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In the English-language literature, this
layout is called a Gilbert cell. It has
recently become an established constitu-
ent part of, for example, all radio
phones and mobile phones, in a fre-
quency range going far beyond 2 GHz.

The only disadvantage it has proved to
have so far is the maximum level
control, characterised by the IP3. Even
for the best designs (with suitably high
levels of zero signal current), at app.
32dBm this is still below the best
brands, which are set, through the
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Balristassannung

N.B.: All assemblies for setting operat-
ing point have been omitted!

Fig.70:

Principle of the Gilbert Cell
Baugruppe 2 (nichtumkehrender
Verstirker) = Assembly 2 (non-
reversing amplifier),

Baugruppe 3 (umkehrender
Verstdrker) = Assembly 3 (reversing
amplifier),

Baugruppe 1 = Assembly 1,
Elektronischer Umschalter =
Electronic change-over switch,
Betriebsspannung = Operational
voltage, Ausgang = Output

pedigree passive ring modulators re-
ferred to, with diodes or power MOS-
FET switches (giving TIP3 = +40 to
45dBm).

To sum up, we can say that the
multiplicative mixer has made the break-
through in terms of professional applica-
tions where the spectrum purity of the
output signal has to be high.

The industry has recently become able
to supply a very wide range of suitable
circuits and finished modules, the SMD
versions in particular being more advan-
tageously priced (for the same quality).
There are also numerous data manuals
and application manuals, with excellent
articles explaining the principles in-
volved and notes on applications [1], [2]
and [3].

10.4. Examination of Diode Ring
Mixer Used

Here, once again, we begin with a short
list of the advantages of this type of
mixer:

a) High level control, characterised by a
high IP3 value.

b) Universal module, since it is suitable
for use as a mixer, modulator or
de-modulator for AM or SSB, a phase
detector or a controllable attenuator.

¢) No additional current supply required,
since this is a passive component.

d) Enormously wide bands can be
covered for all inputs (high-frequency
and LO inputs run through small mag-
netic core transmitters, which means
there is a lower limiting frequency of
app. 20 MHz there, whilst the upper
limiting frequency of this transmitter is
app. 2 GHz).

e) High-frequency and intermediate-fre-
quency outputs may be transposed,
which now leaves only high-frequency
signals from DC up to 2 GHz to be
high-mixed.

f) Automatic matching in 50€2 systems.
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But there are disadvantages as well:

a) As a passive component, the ring
modulator displays at least 6 to 7dB
attenuation with diodes.

b) This not only mcans we nced
additional amplification in the system, it
means the noise factor in this assembly
also increases by this value.

¢) The tum-on voltage required (LO
signal) must have a very high minimum

amplitude. Depending on the type of
level of

mixer, this means an LO
between + 7 and + 25dBm.

d) The matching, expressed, for exam-
ple. in terms of the VSWR ratio, is not
especially good, for in the connecting
stretch between the high-frequency input
and the intermediate-frequency output
the transmitter must always be taken
into account, together with the dynamic
resistances of the diodes. The diodes are
switched, and so the resist
signal path are continually changing and
change again il the LO level fed in is
increased or reduced! '

ances in the

¢) Meticulous attention must be paid to
obtaining a broad-band 500 adapted
load, as near perfectly as possible, at the
intermediate-frequency  output, since
otherwise for example, if a quartz filter
is directly connected all signals located
outside the filter’s transmission band are
reflected back into the mixer. They
“wander around” there like ghosts. with
unknown phase positions. In certain
circumstances, they re-mix, and thus
almost always worsen the hard-won high
attenuation values for the undesirable
signal fractions!

f) In professional systems, connecting
up broad-band attenuators (usually 3dB)
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Fig.71: Board Layout for Mixer Test
Structure

The recommended application range ex-
tends beyond 2 Glz; + 7dBm should be
allowed for as the LO level.

Inside this cast resin cube are two ring
cores for the necessary transmitters and
a quartet of Schottky diodes. These
components are mounted on a little
printed circuit board, the three connec-
tion points of which are connected with
the exterior. 500 microstrip lines are
now connected up to these on the board.

With the layouts used so far. this has not
proved a problem. The strip line width
is 2.92mm.for FR4 material with a
thickness of 1.5mm at a frequency of
1.7 GHz. Naturally, the required
feedthroughs from the continuous earth
surface to the individual “earth islands™
of the layout should once again be
created using silver-plated compression
rivets (d = 0.8 mm.). The finished board
is fastened into a milled aluminium
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housing, with external dimensions of 35
x 35 x IS5 mm, with four nickel-plated
M 2.5 x 6 cylindrical screws.

The SMA sockets are precisely posi-
tioned in such a way that their neutral
conductors lie just on the 50€ micros-
trip lines, and can be soldered on with a
little solder containing silver, without
any problem. In order to avoid irregu-
Jarities, all neutral conductors are cham-
fered below 45° with a fine file before
being soldered on.

Nor should we forget to drill a “match-
ing” hole for the neutral conductor
through the housing wall. With a con-
ductor diameter of 1.27 mm., and for
50€2, this gives a hole diameter of
2.9mm.

Fig.71 shows the board layout. Fig.72
gives us a look at the prototype, ready
to operate, but with the lid off.

Now to the clectrical properties. The
following characteristics are of interest
to users. Most serious manufacturers
include them in the data sheet:

@*
Fig.72:

Photograph of
Prototype

a) Extent and frequency range of con-
version loss or amplification

b) 1dB compression point
c) IP3
d) SSB noise factor

¢) Insulation of various ports from one
another, i.e. a dimension for the recipro-
cal crosstalk

f) VSWR or reflection factors at indi-
vidual ports

Naturally, a very extensive and expen-
sive array of gauging cquipment is
required to capture all these mixer data,
and not everyone has this available.

However, tests have been carried out on
mixers, the most important being the
spectrum analyser with a small signal
frequency response. The gauging rig
shown in Fig.73 was somewhat modified
as required.

The two standard signal generators rep-
resent the high-frequency and LO signal
sources. The output level must be
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stabilised, and it must also be possible
to alter it within precisc limits. The
attenuators at all the mixer ports ensure
correct broad-band tuning.

10.4.1. Conversion Loss

As is well-known, when the high-
frequency signal is converted in a mixer,
the energy is divided into a lower and
an upper sideband component fre-
quency, namely into the total frequency
and the difference frequency. Since both
these fractions are of equal size, each
contains half of the high-frequency en-
ergy. Thus with an ideal mixer the
conversion loss is 6dB.

In practice, because of unavoidable
losses in transmitters and diodes, the
value is higher. Moreover, there is
another big problem in determining data
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sheet specilications, as the mixer manu-
facturers arc apparently not fully in
agreement among themselves:

a) Some work at a constant intermediate
frequency (in point-to-point radio sys-
tems, for example, this is 70 or 140
MHz). The high frequency and the LO
frequency are increased until the ampli-
tude of the intermediate frequency out-
put signal falls by 3dB, or the conver-
gion loss increases by 3dB. The fre-
quency interval of the two signal genera-
tors must naturally correspond to the
intermediate frequency and is kept con-
stant.

This represents a feasible, practically-
orientated method of designing a re-
ceiver with a low intermediate frequency
or a reception converter, and it corre-
sponds to the operating case of the
downward mixer.

b) In the second option, the high
frequency is kept constant (for example,
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Fig.74: Downwards Mixing; Abwdrtsmischung = Downwards mixing,
Frequenz = Frequency, Mefischaltung fiir Kurve = Measurement circuit

for curve, Mischer = Mixer

HF = 100 MHz), and the LO frequency
is increased until the amplitude of the
total or difference frequency arising
decreases by 3dB or the conversion loss
increases again by 3dB. This corre-
sponds to operation as an upward mixer,
as is done in SSB transmitter frequency
synthesising, or in receivers with a high
first intermediate frequency. In order to
be clear on the behaviour of this circuit,
both options arc systematically exam-
ined below.

A) Operation as downward mixer:

Here a constant intermediate frequency
of 100 MHz was selected. So there must
always be a frequency spacing of
100 MHz between LO and high-fre-

quency signals, and they are increased
together until the conversion loss be-
comes unacceplably great. The high
frequency is lower than the LO fre-
quency here.

The precise operational values here,
based on the mixer inputs, are:

LO signal: 300 MHz to 4 GHz, with a
level of +7dBm at the LO port

HF signal: 200 MHz to 3.9 GHz, with a
level of - 30dBm at the HF port

The intermediate frequency observed
was 100 MHz. Fig.74 shows the conver-
sion loss frequency response. The curve
is so flat that this low-cost component’
can actually be used at up to 4 GHz!

As part of the trial, the intermediate-
frequency and high-frequency ports were
89
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Fig.75: Upwards Mixing

Aufwdrtsmischung = Upwards mixing, Freguenz = Frequency,
Schaltung fiir Kurve = Circuit for curve, Mischer = Mixer

also swapped round once, and the
measurement was repeated (see  also
Fig.74). The result is quite shattering,
for now the conversion loss is already
10dB greater at 1.5 Gllz, and is more
than 20dB greater at less than 2 GHz.

B) Operation as upward mixer:

Now a constant high frequency of 100
MHz is fed into the mixer, and the LO
frequency starts at 300 MHz and is
increased in 100 MHz steps.

The following operating conditions were
maintained:

LO signal: 300 MHz to 4 GHz, with a
level of +7dBm at the LO port

HF signal: 100 MHz, with a level of -
30dBm at the HF port
90

The lower sideband component fre-
quency (thus LO-HF) observed went
from 200 MHz to 3.9 Gliz.

As our curiosity had been aroused by
the result of the first trial, we swapped
the high-frequency and intermediate-
frequency ports round here as well afler
the first pass, and then we repeated the
measurements, The results can be seen
in Fig.75.

There was a big surprise here too.

A circuit which can be used up to 4
GHz, with constant and relatively small
conversion loss, is obtained only if the
“high-mixing” HF signal of 100 MHz is
fed into the intermediate-frequency port.
However, if the above downwards mixer
circuit is used by mistake, the mixer can
be used at up to just 1.5 GHz. If the



VHF COMMUNICATIONS 2/99

@

Conversion loss = f (LO - Pegel)

s 4 (Abwéartsmischung)

MeBschaltung

Mischer

L0 —)HL0  RFH(e—RF

20
(-10...... P (-80dBm,
\\"' T +10dBm, 1800MHz)
[ 1700MHZ) L
10 N = iliemink
IF
s (100MHZ)
* : ’ s @ = LO-Pegel
in dBm

Fig.76: Relationship Measured between Conversion Loss and LO Level with
Constant HF Signal; Aufwirtsmischung = Upwards mixing,
Mefischaltung = Measurement circuit, Mischer = Mixer

frequency is increased any further, the
conversion loss immediately takes on
astronomical proportions.

10.4.2. Relationship Between
Conversion Loss and
LO Level

It was something that was being hinted
at back in the chapter on principles. The
faster and the more abruptly the diodes
are switched through the LO signal, the
- better the mixer will be. In this context,
this means better with respect to the
conversion loss and the undesirable
mixing products generated.

Fig.76 now demonstrates the relation-
ship measured between the conversion

loss and the LO level for a constant HIF
level.

The curve was obtained under the fol-
lowing conditions:

LO signal: 1,700 MHz, with a level of
-10 to +10dBm at the LO port

HF signal: 1,800 MHz, with a level of -
30dBm at the HF port

The difference frequency observed was
100 MHz. It can easily be recognised
from this that the manufacturer’s note
“Please select the LO level at + 7dBm”
is certainly absolutely right. If the LO
level is increased any higher, this brings
no further improvements, at least with
this HF amplitude and with respect to the
conversion loss.

9
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Fig.77: Measurement Curve with 1dB Compression Point: Curve shows
Conversion Loss plotted against HF Level
Abwirtsmischung = Downwards mixing, Mefischaltung = Measurement
circuit, Mischer = Mixer, Pegel = Level

10.4.3. The 1dB Compression Point

If we assume that the LO level of
+7dBm has been correctly selected, we
can see the consequences of changing
the HF level.

Fig.77 shows the measurement results
for the following operating case:

1.O signal: 1,700 MHz, with a level of
+7dBm at the LO port

HF signal: 1,800 MHz, with a level of -
30 to + 10dBm at the HF port

The difference frequency of 100 MHz
was observed. The marked point at
which the conversion loss increased by
1dB can (I hope) be clearly seen. This
“1dB compression point” is important
for three reasons:
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a) This is where the saturation or
limitation begins. From this point on-
wards, there is no point in increasing the
HF level any further, because the inter-
mediate-frequency output level no
longer alters in line with the change, but
very quickly becomes almost constant
again.

b) The inter-modulation signals gener-
ated rise rapidly from this point on-
wards, and so clearly visibly that the
spectrum analyser connected at the inter-
mediate-frequency output suddenly be-
gins to show a “lattice” of interference
lines.

¢) However, if we look more closely at
the design manuals already mentioned,
in [5], for example, we can find this:
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Fig.78: Extended Measurement Circuit for Determining TP
Signalquelle = Signal source, Mit Einschub = With insert,
Frequenz = Frequency, Pegel = Level, Tiefpafi = Low pass,
Mischer = Mixer, Bandpaff = Band pass

“If about 15dB is added at the 1dB
compression point at the lower band
end. this gives the approximate value of
the third order intercept point, IP3. The
value to be added to the upper band end
should then be reduced to 10dB.”

10.4.4. The Intercept Point

The biggest problem here is probably
the measurement rig needed to deter-
mine the values.

The intercept point itself is actually a
fine thing. It supplies very accurate
information concerning the distance be-
tween the undesirable interference sig-
nals arising and the desirable intermedi-
ate-frequency signal at a specific HF
level. The formulation often heard of in
connection with receivers, “inter-modu-
lation free dynamic range” is relevant
here as well.

Here is a short summary of the theoreti-
cal and physical basic principles:
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Fig.79: Graphic Determination of 1P’s

Pegel = Level, Ausgang = Output, Theoretischer Verlauf = Theoretical
gradient, Tarsdchlicher Verlauf = Actual gradient, Mefipunkt =
Measurement point, Mefischaltung = Measurement circuit,

Mischer = Mixer, Eingang = Input

As soon as the HT level fed into the
mixer is increased, the desirable inter-
mediate-frequency output level also in-
creases, up to saturation. Unfortunately,
harmonic mixing on non-linecar charac-
teristics leads to many new combination
frequencies. namely the notorious inter-
modulation signals. And this is where
things get really unpleasant. Although
their amplitude is very small at first,
they increase much faster than the
intermediate-frequency level when the
HF input level rises. Al some point (if
no saturation takes place), this un-
desirable fraction becomes as large as
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the amplitude of the desirable total
frequency or difference frequency, and
this level intersection point is the fa-
mous [P!

It should also be pointed out that the
rise becomes steeper and stecper as the
higher-order harmonics are mixed in.

The following conditions apply:

If the HF level is increased by 10dB,
then:

a) Second-order signals increase by
20dB. The annoying frequency here is
usually (2 x HF - LO).
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Fig.80: Measurement of Isolation of LO Signal
Freguenz = Frequency, Mefischaltungen = Measurement circuits,
Kurve = Curve, Mischer = Mixer, Zum = To

by Third-order signals increase their
amplitude in this case, but by 30dB. The
frequency (3 x IHF - 2 x LO) is
particularly unpleasant here.

Signals of still higher orders normally
cause no interference, since their ampli-
tudes usually remain insignificantly low,
as long as we keep far enough away
from mixer saturation.

But be careful. The individual level
intersection points, IP2 and IP3, are not
identical!

There are particular problems here with
TIP3, for the third-order characteristic
rise is unfortunately three times as great
as for the intermediate-frequency signal.

As a result, the associated inter-modula-
tion products increase o a correspond-
ingly great extent,

This is particularly unfavourable in
practice if the mixer for example, in a
receiver has too high an input level, and
the HF signal consists of a fully occu-
pied amateur band!

In addition, of all places for combina-
tion frequencies of this kind to be, they
are often just at the place where the
desirable intermediate frequency also
emerges. For can a human being or a
filter keep wanted signals and interfer-
ence signals apart?

So now to the measurements.
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Mixer manufacturers operate with a
“two-tone HF signal™ here, consisting of
two closely adjacent measurement fre-
quencies. This group of two is now
converted with the L.O signal, and the
result is examined on the spectrum
analyser. Again, the total signal and the
difference signal naturally consist of
these groups of two. But in addition, we
discover, in all their glory, the harmon-
ics produced in the mixer and also
converted. Their attenuation can be
casily read off against the desirable
intermediale frequencies. The overall
name for this is “dual tone third-order
inter-modulation testing”, and it is a
feature of the specifications of commer-
cially available mixers.

Of course, this method of measurement
is very costly, since every one of the
three separate signal sources must also
be freed from inherent distortion. For
this is the only way to determine the
fractions which arise from the mixing
process. The measurement rig used here
is still very extensive, and is based on
the following observations (Fig.78):

a) The HF is selected at 1,800 MHz,
and the LO signal at 1,700 MHz.

b) The LO level is set precisely to +
7dBm at the LO port and is kept
constant.

¢) Both signals are freed from inherent
distortion through the filters discussed in
the earlier chapters (microstrip band-
pass and microstrip low-pass).

d) The signal (2 x HF - LO) is observed
to determine the IP2. It is located at (2 x
1.800 MHz - 1,700 Mliz) = 1,900 MHz.

e) The IP3 is determined by observing
the combination frequency (3 x HF - 2 x
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LO). Tt has the value (3 x 1,800 MHz -
2 x 1,700 MHz) = 2,000 MHz.

) The HF level is now raised higher and
higher until both these new frequencies
can clearly be recognised on the screen
and emerge from the internal noise level
of the analyser. The HF level was then
advanced until the amplitudes of the two
inter-modulation products were exactly
the same. It only remained to set the
three levels at the HF level arriving at
the HF port, together with the two levels
(2 x HF - LO), or (3 x HF - 2 x LO), as
accurately as possible.

The results showed that with an HF
level of ~4dBm at the HF input of the
mixer, the two signals (2 x HF - LO)
and (3 x HF - 2 x LO) are exactly -
40dBm.

Now to the diagram, into which we first
plot the relationship determined in the
previous trial between the HF input:
level and the intermediate frequency
amplitude arising. Because of the satura-
tion, the curve naturally goes over into a
horizontal line at the end. But the ideal
theoretical course, which forms a
straight line, is extended until we arrive
at the limits of the diagram.

Two straight lines are now drawn
through the measurement result (-
40dBm). Their gradients are two or
three times as acute as that for the
relationship already plotted between the
HF signal and the intermediate fre-
quency signal, and they intersect this
curve at two points (Fig.79). These two
intersections correspond to P2 and 1P3!
As conscientious researchers, we also

had to determine the amplitude of the
intermediate-frequency signal arising
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and plot it in the diagram. It is
immediately apparent how far into satu-
ration we already are.

We thus know that:

IP2 is at about +39dBm. IP3, on the
other hand. is'at about + 21dBm.

Anyone who wants to can check the
opinion repeated in the previous chapter
on the relationship between the 1dB
compression point and the [P3.

With the help of this diagram, it is now
no longer a problem to determine the
inter-modulation distance. We need only
draw a vertical line through this level
(on the horizontal axis), mark its inter-
sections with the three straight lines
(gradients 1, 2, 3), read off the distances
of the inter-modulation points from the
intermediate frequency point, and ex-
press the result indB.

Anyone who prefers to work with
formulae, on the other hand, could
easily put this geometrical relationship
into a corresponding expression and use
it to calculate the values desired. A still
easier way is to follow the method also
referred to in [6]:

a) Determine the value of IP3 either
from the data sheet or by adding 15dB
(lower band end) or 10dB (upper band
end) to the 1dB compression point.

b) Then determine the difference indB
between the HF input level applied and
TP3.

¢) Multiply this difference by the order
of the harmonic (here: 3).

d) Subtract this result and the conver-
sion loss from IP3. This gives us the
level of the third order inter-modulation
interference signal.

“inter-modulation

@
If this method is applied to the HF level

used for all measurements, -30dBm, this
gives us:

a) Measured value: IP3 = +21dBm

(The rule of thumb would have been
somewhat less accurate: 1dB compres-
sion point of +4dBm +15dB = 19dBm!)

b) IP3 - HF = +21dBm - (-30dBm) =
21dBm + 30dBm = +51dBm

¢)51dB x 3 = 153dB

d) IP3 - 153dB - 10dB conversion loss
=+ 21dBm - 153dB - 10dB = -142dBm

In this operational case, the level for
signals is thus -
142dBm, which is equivalent to 112dB
below the HF level. But the difference
in level at the desired intermediate
frequency is much more important for
the user, for there the mixer’s conver-
sion loss (app. 10dB) must also be taken
into account.

Thus the final value should be 102dB
below the intermediate frequency signal,
and this is precisely what can be seen on
the spectrum analyser.

If this secems an unbelievably good
result, just imagine an HF level 30dB
higher. This rise unfortunately brings
about an increase of 90dB in the
inter-modulation products (!).

If the intermediate frequency is now -
10dBm, because of the app. 10dB
conversion loss, the unwanted 1IM3 sig-
nal unfortunately bounces up to -14dBm
+90dB = -52dBm. And so suddenly the
distance between the intermediate fre-
quency signal and the interference prod-
uct is only 42dB. That could just cause
some difficulties.
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Fig.81: Measurement of Isolation of HF Signal; Mefischaltung = Measurement
circuit, Mischer = Mixer, Zum = To, Frequenz = Frequency

10.4.5. SSB Noise Factor

Luckily, this is something which can be
settled very quickly. As already men-
tioned, the intermediate frequency am-
plitude is reduced by the conversion loss
with respect to the HF signal fed in.
Thus the noise factor must rise by this
amount. According to the mixer manu-
facturers. the SSB noise factor is calcu-
lated by adding a mere 0.5dB to the
conversion loss. This gives us the noise
factor we need.

10.4.6. Isolation of Ports

Nothing is perfect, and so here too we
find remains of the signals fed into the
mixer arriving at the intermediate fre-
quency output port or at the opposite
signal port. The difference in level
between the signal fed in and the
measurable residue at another port is
known as isolation. If this value deterio-
rates too much, we can gel some nasty
surprises. For example, imagine a direct
conversion receiver with an LO signal
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which suddenly starts to wander around
on the antenna. The isolation behaviour
should therefore also be entered in the
mixer data sheet,

Fig.80 shows the isolation values of the
LO signal for the frequency range 0.2 to
4 GHz, with a level of + 7dBm at the
[LO mixer input. At the intermediate
frequency output the spectrum analyser
is hanging, with the help of which we
can look for the LO residues. The HF
port, which is not required, is blanked
off with S0,

The measurement was also repeated
with the HF and intermediate frequency
ports swapped round. The striking fea-
tures in the result are the very high
conversion losses at low frequencies and
their deterioration when the frequency
increases. This is very unpleasant for
many applications.

Fig.81 shows how high the HF signal at
the intermediate frequency port can still
be found to be with “correct downwards
mixer operation”.
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Operational values:

LO signal: 0.3 to 4 GHz, with a level of
+ 7dBm at the LO port

HF signal: 0.2 to 3.9 GHz, with a. level
of - 30dBm at the HF port

Intermediate frequency: 100 MHz

As against Fig.80 (LO isolation), these

readings show markedly fewer fluctua-
tions and are less dependent on the
frequency. But unfortunately. the down-
side is that they are worse results.

But be carcful: the conversion loss for
the intermediate frequency signal also
has to be taken into account il we are
trying to determine the distance between

LO-Signalquelle
{hp BES0B mit Einschub BESSA)
G
,/:\4 Aichtkoppler
I NARDA / 1..12 GHz
Kuppeld!mplun‘g 20 o8 RF - Sipnalqualia
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Fig.83: Determination of Reflection Attenuation at HF Port
Signalquelle = Signal source, Mit Einschub = With insert,
Richtkoppler = Directional coupler, Koppeldimpfung = Coupled
attenuation, Mischer = Mixer, Bzw. = And / or
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Fig.84: Measured Behaviour of Reflection Attenuation at LO Port
Reflektionsdimpfung und VSWR des LO-Ports = Reflection attenuation
and VSWR of LO port, Frequenz = Frequency, Mefischaltung =
Measurement circuit, Richtkoppler = Directional coupler,

Mischer = Mixer, Riicklaufende Welle zum = Return wave to

the desirzble intermediate frequency sig-
nal and the HF residue at the intermedi-
ate frequency output, for this makes the
level differences approximately 10dB
worse. This is important for the layout
of the subsequent intermediate fie-
quency band pass, with reference to the
inhibition attenuation required to sup-
press undesirable signals!

10.4.7. VSWR or Reflection
Attenuation Levels for
Individual Ports

Some manufacturers give only meagre
information about this, or none at all,
but others give precise details. However,
when we look at these more closely,
they provide very little encouragement,
for the VSWR reaches, and sometimes
exceeds, a value of 4, And no wonder,
for not only the fransmitter in the mixer
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and the diode grades, but also the LO
level at which the diodes are switched,
have a role to play here, as has the
adapted load crror at the other ports. It
is therefore inevitable that attenuators or
supplementary circuits should be
mounted around this mixer. The mixer
used here is itself not perfect. which
means it imposes even higher require-
ments on its environment.

The measurement is somewhat costly,
but the manufacturers can use the most
modern network analysers for it. With
these appliances, the level fed into the
test object can be precisely adjusted and
monitored.

This is exactly what is important, for
example, at the LO port, for the correct
switching through of the diodes in the
mixer. It does not become really tricky
unless measurements have to be made at
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Fig.85: Measured Behaviour of Reflection Attenuation at HF Port
Reflektionsddmpfung und VSWR des RF-Ports = Reflection attenuation
and VSWR of RF port, Frequenz = Frequency, Mefschaltung =
Measurement circuit, Mischer = Mixer, Riicklaufende Welle zum =

Return wave to

the HF port, since then the 1.0 port must
also be selected, and both frequencies
must be moved in synchronisation with
one another for downwards mixer opera-
tion. This can not be done on older
appliances, so we have to fall back on
older methods using directional couplers
(see Figs. 82 and 83). Fig.84 therefore
shows this type of measurement only for
the reflection attenuation behaviour at
the LO port for the frequency range
between | GHz and 4 GHz.

Fig.85 provides the reflection values
required for the HF port in “downwards
mixer operation”, measured in the fre-
quency range between | GHz and 4
GHz, with an intermediate frequency of
100 MHz. As conjectured, the results
are still just usable.

10.5. Development Trends

It has already been pointed out that the
integrated, multiplicative GaAs mixers
are making great advances, and have
driven all older designs, including diode
ring modulators, blow-through mixers,
etc., out of the market (and not just for
mobile telephones).

The SAT receivers behind the Astra
mirrors also contain only complete sin-
gle-chip receivers, including PLL syn-
thesisers for frequency ranges going up
to 3 GHz. The LNC’s for the frequency
range from 12 GHz now contain almost
exclusively the cascade stages referred
to, acting as combined mixers and
oscillators,

So this article will undoubtedly not be
the last word on the subject of micro-
wave mixers.
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Moreover, the newest specimen IC’s are  [3] RF- and Microwave Semiconduc-

alrecady waiting on my workbench tors (Discrete. Monolithic and
(manufacturer’s specifications give the Multifunction) Handbook from
frequency range as 0.1 to 8 GHz), to be M/A-COM

inserted into a suitable “Puff design”
board. | shall be reporting on this right
here at the appropriate time.

[4] Berberich, Eugen, DL8ZX
Diplexers for Ring Mixers
VHF Communications 2/96, pp.

75-81
[5] RFAF Designers Handbook
1 Mini-Circuits
Chapter on “Two-tone, third-order
Literature distortion effects”
P. 1/6
[1] RE/F Designers Handbook, [6] RF/IF Designers Handbook
Mini-Circuits Mini-Circuits
App. 700 pages, DIN A4 Chapter on “T'wo-tone, third-order
distortion effects”
[2] Communication Components / p “l[:() kol

GaAs & Silicon Products
Designer Catalogue from
HP/Avantck

The Parabolic 24cm Preamplifier

A fully weather-proofed very high-quality preamplifier covering
1200 MHz to 1360 MHz. Mounted in a sealed diecast enclosure
with weatherproof N-type sockets for input and output. DC
powcred via the output socket for remote mast-head mounting.

GAIN >40dB across the band
NOISE FIGURE <1.6dB

£135+£7.50 post and packing

KM Publications - address as on Contents page
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Hermann Hagn, DKSCI

Hot-Cold Noise Temperature
Measurement in the Laboratory

and in Nature

Based on a paper read at VHF-UHF 1996 in

Munich

Measurement methods are described
which make it possible to measure the
noise temperature of receiver installa-
tions in the range between 1.3 GHz
and 47 GHz. The noise numbers to be
measured here lie in a range from
about 0.4dB at 1.3 GHz up to 10dB at
47 GHz.

For noise numbers above and below
these limits, these methods become
inaccurate, because a level variation
which is either greater or smaller
must be measured very precisely.

I..
PRINCIPLES

The laboratory measurements are based
on the discoveries of Johnson and
Nyquist [1], and those in nature on

Planck’s radiation formula. Since we are
carrying out our measurements at lower
frequencies than those corresponding to
the maximum on the Planck radiation
curve, the Rayleigh-Jeans approximation
applies. These inter-relationships are
described in detail in [2]. In the labora-
tory, we use a resistance, R (= Z). in
nature a matched, loss-free antenna
(which “sees” the temperature, T, over
the entire apex angle), with the radiation
resistance, R, at the input of our receiver
installation (Fig.1). The input impedance
is not changed, and we have R = 7
{impedance level).

In both cases, we measure the output:
P=kT-B-V

PinW,BinHz TinK

Boltzmann constant k = 1.38 * 10-2* I/K

V is the power amplification factor for
our installation.
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Fig.1:
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Comparison of Load Resistor with matched, polarised Antenna during

Line Adaptation (Ri = Ro) leads to identical Noise Power

2.
MEASUREMENTS IN THE
LABORATORY

The resistor, R (= 7) at the input of our
installation is brought to two defined
temperatures: ¢.g. 78K with liquid nitro-
gen and room temperature, 293K, and
the precise values are measured using a
thermometer.

Now, il'we had an ideal amplifier, so we
would measure a power ratio at the
output which corresponds precisely to
the ratio of the two temperatures. But
since all amplifiers contribute some
noise, the power ratio measured will be
smaller than the temperature ratio. To
the reference temperatures, we must also
add the noise temperature fraction, Ty,
of the installation to be measured. From
the two outputs measured, or else from
the measured power ratio, we can
calculate the noise contributed by the
installation (H = hot, K = cold):

104

Py=k (Ty+Tp BV

PH' k'(TK "'T‘E)' IB'V
Here, B and V must be very accurately
known, so that it is simpler and more

precise to use the power ratio for the
calculation:

B _Tu+Te
Pk Tx+Te
y_

The noise figure, F (dB), can then be
calculated from TE. based on the stand-
ardised temperature of 290 K:

290 + T
Flam =10-loa =55
(F in dB, Tg in K)
Likewise, the following relationship ap-
plies:
F(dB) =10+ 1()g k TO

Fin dB, k=138 1023 J/K,
Tp =290 K
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If we wish to determine the noise
temperature or the noise number of the
input amplifier from the overall values
measured, then we have to measure the
noise temperature of the subsequent
clectronics and determine the amplifica-
tion factor of the input amplifier.

According to H.T.Friis [3], the follow-
ing relationship applies:

Vi
Foverany F1 and Fy in kT

V, = output amplification factor of
pre-amplifier

3
MEASUREMENTS IN OPEN
AIR

We now need two radiating media, the
temperatures of which are known. The
warmn radiator is the ground, and here it
is best to measurc downwards at an
angle into thick bushes or into a wood.

At low frequencies (below 10 GHz), the
ground temperature measured should be
multiplied by a correction factor [5].
Our own measurements gave us a value
of 0.9 at 1.7 GHz. At these frequencies,
the ground is still no “black radiator™,
and there are also still reflections from
the cold sky to be added. A clear
difference is noted, depending whether
we “look” down at an angle onto a
meadow or measure into a wood. This
correction factor becomes 1 from about
10 GHz onwards, so that interpolations

@
can be made with good accuracy be-
tween | and 10 GHz.

The cold radiator is the cloudless sky
(50 to 80° elevation to the North; for
very sensitive installations, you need to
pay attention to the CAS A radio
source). The ground temperature is
measured using a thermometer, and
35 K (T,) can be taken as a good value
for the cold sky in our range widths
[4, 5]. This value for the cold sky is
made up of: the background radiation
[6], unresolved far distant radio sources,
atmospheric radiation, ohmic losses
from the antenna and ground radiation
through side lobes of the antenna. For
this measurcment it is of no importance
what the antenna’s gain is, provided the
antenna is completely “illuminated” by
the radiator in question (warm or cold)
over its apex angle.

Example:

Antenna 1.75 m. diameter
Frequency 1.69 GHz
Apex angle app. 7.5° (measured)

Measured power ratio, ground / cold
sky, 3.8dB; 3.8dB = 2.4 fold, y = 2.4;
Ty = 290K; C = 0.9 correction factor at
1.7 GHz; Tk = 35K

C-280-24-35
Tg=——"7+———=126K
E 24-1
290 +126
F(dB} = 10I09~—£g—= 157dB

Teystom = Te + Ta = 126+ 35 = 161K
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Fig.2: American UHF Tube Amplifier from 1944 (Photo: Kerstin Hang)

In many installations, the noise power at
the output changes markedly if we go
over from the resistor at the input to the
antenna. This effect depends on how
good or bad the SWR is between the
input amplificr and the antenna.

[t is very strongly recommended that
you should use a low-attenuation
(= 0.3 dB) circulator / insulator at the
amplificr input. Naturally, another
option is to calibrate to the maximum
output divergence between the ground
and the sky and then make no further
changes on the pre-amplifier.
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4‘
MEASUREMENT APPARA-
TUS

The band width up to the AM demodu-
lator should be 2 MHz and above, to
avoid excessive fluctuations in the read-
ings displayed.

Readability of level at 0.1dB. An attenu-
ation circuit which has 0.1dB steps
before the demodulator is better (USVD
from R & S, already a few years old,
but affordable). It is also possible to
proceed as described in [2].
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Pigurs 208, Grounded-grid r-f soplifter.

In measurements at 10 GHz and above,
a well-loaded horn antenna should be
used at the start of a measurement, as
home-made relatively
large areas (= relatively high gain) often
have thick side lobes and mismatching.
This can falsify the measurements.

antennas  with

These measurements naturally do not
replace a hot-cold measurement carried
out very carefully in the laboratory, or
using a high-accuracy noise measure-
ment rig, but they give a good idea of
the points in an installation at which
improvements could be made - e.g. the
pre-amplifier or the antenna.

TL stee

HISTORICAL EXAMPLE

The UHF pre-amplifier shown on the
photo (Fig.2) is one of the [irst commer-
cially manufactured amplifiers for this
purpose. It was used in an American
radar appliance in 1944,

Data:

Frequency range: 400 - 435 MHz
Amplification: 26dB {at 432 MHz)
Noise figure F: 8.3dB (hot-cold
measurement)

Power consumption: 150V (@ 0.03A;
6.3V @1.4A

Tubes: 2 x 446 A (forefather of all
“lighthouse™ tubes)

Very strongly-fixed high-level signals

A-F INPUT
vi
GL448 E
[FE3 1
il i i r
: s / [ Es==== e
'_‘ Sl == €4 K3 <c3 RETFH TO COMVER-
e P =
caﬁ.ﬁ 90 B FOHR t\
e
s & i e
GLA3S

+240V
= TL-8887

Figure 203,  R-f ampiifler with lighihouse tube

Fig.4: Wiring Diagram of HF Amplifier with “Lighthouse” Tube (Voltage
Feed +240V and Earth are probably the wrong way round!)
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(important in a radar appliance), output
power of tubes app. IW. Selective,
owing to four matched oscillation cir-
cuits. After this pre-amplifier came a
mixing stage, with a 955 wired up as
diode (noise number app. 23dB = 200
kTg). A semi-diode from this period with
a better noise number would not have
been able to “get above™ the primary
radar pulse (Fig's.3 and 4),

Overall noise figure:

Fp—1
F". = Fv‘ e - v.
s
Foverat = 7.26 KTy = 8.6dB

with F, = 8.3dB = 6.76 kT;
F, = 200 kT, and V, = 400.

©
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D.Eckart Schmitzer, DJ4BG

>

Designing Chebyshev Filters for
Practical Operation

Part-2

6.
SPECIMEN CALCULATIONS

6.1. Specimen Calculation for a
Low-Pass Filter

We can now calculate the components
of a filter, based on the clarifications in
the previous chapters. As an example,
let us design a fifth-grade low-pass
filter, with a limiting frequency of
10 MHz and an impedance of 50€,
which is to have around 0.2dB ripple.

The reference values for the inductance
and capacity can be obtained using
formula (2) above (similarly converted
to the more practical values H and pF):

Ly, = 7.95775 / f,= 7.95775 / 10 (MHz)
= 0.795775 uH

C,=3183.1/f, =3183.1 /10 (MHz)
=318.310 pF

If we now multiply these reference
values by the coefficients from the table

(here, for example, for 0.2dB ripple), we
immediately obtain the component val-
ues sought. The values used in the
example arc underlined in Table 1.

The calculation process is shown again
below in diagrammatic form:

a. Calculate reference values Ly, and C,
from impedance and desired limiting
frequency.

b. Multiply reference values by coefTi-
cients from table:

Component 1 = Reference value (here
Cy) . coefficient 1

Component 2 = Reference value (here
L) . coefficient 2, efc.

Coefficients from table for 0.2dB ripple:

al = 1.300426, a2 = 1.345877
a3 = 2.127107, a4 = 1.345877
a5 = 1.300426

Component 1 2 3 a )
Coefficient a1 a2 a3 ad a3
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C1 = Cp-al = 318,310 pF - 1,300426 =
= 413,9386 = 414 pF

L1 = lp-a2 = 0,795775uH - 1,345877 =
=1,071015» 1,071 yH

C2 = Cp- a3 = 318,310 pF - 2127107 =

= 677,0794 = 677 pF

12 =Llp-ad=0795775uH - 1,345877 ==
= wie L1

C3 = CnvaS = 318,310 pF - 1,300426 =
= wie C1

In all cases it is recommended that
component values and coefficients
should be entered into the calculation as
precisely as possible, and that the
component values should not be
rounded off until the end of the calcula-
tion. It will usually not be possible to
avoid some calibration work to achieve
the right inductance wvalues, while the
capacitances must be made as close as
possible to the rated value by wiring up
standard values in parallel: for example,
by combining 390 and 24pF to give
414pF.

Parasitic elements, such as the self-
capacitances of the coils and the exter-
nal inductance of the capacitors, have
not been taken into consideration yet!
These were discussed in greater detail in

[2].

6.2. Specimen Calculation for a
High-Pass Filter

A fifth-grade high-pass should be laid
out with the same basic data as the
low-pass referred to above. So it should
have a limiting frequency of 10 MHz
and an impedance of 500, together with
app. 0.2dB ripple. The reference values
determined are the same as those in
Section 6.1., which gives us:

110

Component

1 2 ERS 5
Coeflicient. at  al a3 st a%

C1 =Cp-al = 318,310 pF : 1,300426 =
= 244,7736 » 2448 pF

L1 =Lp-a2 = 0,795775 uH : 1,345877 =
= 0,591269 ~ 0,591 uH

C2 = Cp-a3 = 318,310 pF : 2,127107 =

= 149,6445 = 149,6 pF

L2 =Llb-ad4 = 0,795775 uH ; 1,345877 =
= wie L1

C3 = Cp - ab = 318,310 pF : 1,300426 =
= wie C1

6.3. Simulation Results for Above
Specimens

The rounded-off component values for
the two cxamples were entered into
PSPICE as a node list, and displayed
over a range of from 1 to 100 MHz.

For the low-pass, Fig.3, curve a gives
the result for the attenuation range up to
100dB, in order to show the long-range
attenuation. Fig.4, curve a gives the
attenuation up to 3dB, to demonstrate
the ripple in the transmission band. In
Fig.3, both cursors are exactly on the
limiting frequency of 10.0 MHz, while
in Fig.d cursor 1 is on the limiting
frequency and cursor 2 is at the left-
hand edge of the diagram, ie. on
1 Mz

In Fig's. 3 and 4, the “b” curves show
the results for the high-pass. It can
easily be seen from these diagrams that
the low-pass and the high-pass produce
gradients which are exactly symmetrical



VHF COMMUNICATIONS 2/99

Date/Time run: 10/17/96 14:37:57

Xty

Temperature: 27 0

-60

)
-804 /

L/
. —

1.0MHz 3.0nHz
[0]Vdb(98) o Vdb(99)

.

PR C e R e,

Simulation
im Bereich vonl 0 bis -100 dB

PR LI

Frequency

er Beispiele

s N

=
C2 =
dif=

10fHz

10,0001, -176.564m |
10 000M, ;
0000,  0.000 |

Fig.3: Simulation of Specimens in Range between 0 and -100dB

to the selected limiting frequency. It is
also clear that, as stated initially, the
ripple values are rounded off. What we
are actually seeing here in the display
field is a simulation of the basic ripple
value of about 0.176dB (cursor CI
10,000 M, - 176.564 m., i.e. 176,564
milli-dB)!

It should be pointed out once again here
that in Chebyshev filters the limiting
frequency is not the 3dB point (1) but
the point of the curve at which the
attenuation exceeds the maximum de-
sired ripple value. So for a filter with
0.2dB ripple, the limiting frequency is
the point after which the attenuation just
exceeds the value of 0.2dB!

7
FILTER TABLES

In Part 1. filter types with varying ripple
values were selected. The components
for these filters, and those for the
specimens in Section 6, were calculated
for a limiting frequency of 10 MHz and
for 50Q2, and were listed in tables. So
the values for these types of filter can be
converted by means of simple scaling up
or down (see Section 8) for any limiting
frequency or impedance required.
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Temperature: 27 .0

-1.04 r @ \
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1.0M4z 3 0MHz 10MHz 30MHz 100HHz
@de(gﬁd <+ Ydb(99)
Frequency 10,0001, -176.564m |

€=
€2 = 1.0000M, -41 312m |
dif= _$.0000M, -135.252m |

Fig.3: Simulation of Specimens in Range between 0 and -3dB

7.1. Low-Passes

The components are equally suitable for
an impedance of 50 with a limiting
frequency of 10.0 MHz.

The reference values involved have
alteady been calculated in Section 6.1.
with:

Ly, = 0.795775 uH and C,, = 318.310 pF

A delta circuit is used (not so many
coils). Thus we obtain the component
values in pF and H shown in Table 3.

The numbering differs from the usual
sequence in that the component numbers
coincide with the coefficients, as can
also be seen from the circuit diagrams in

112

Fig's.2a to 2¢ in Part 1.

The values calculated were precise, and
were not rounded up or down until later
to give practical values (with sufficient
accuracy).

7.2. High-Passes

The components are also suitable for an
impedance of 500 with a limiting
frequency of 10.0 MHz. The reference
values calculated in Section 6.1. also
apply here, with:

L, = 0.795775 uH and C,, = 318.310 pF.

A star circuit is used here (not so many
coils). Thus we obtain the component
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Echodampfung 10 dB (Welligkeit rund 0,5 dB)
Grad:  Bauteilewerte in pF und pH:
C1 L2 3 L4, C5 L6 C7
3 4943 0,8800 4843 - - = _
5 5292 0,9894 7944 0,989%4 529,2 - =
7 5352 10133 8257 1,0844 825,7 1,033 5392
Echoddmpfung 14 dB (Welligkelt rund 0,2-dB)
Grad: Bauteilewerte in pF und pH:
¢ L2 C3 L4 G5 L6 c7
3 3781 0,9185 378,1 - - -
5 4139 1,07110 6771 1,0710 4139 = -
7 4245 1,1053 7126 1,2064 7126 1,1053 4245
Echodampfung 17 dB (Welligkelt rund 0,1 dB)
Grad:  Bauteilewerte in pF und pH:
C1 L2 C3 L4 C5 L6 c7
3 365 0,5094 3165 - - - E
5 355,0 1,0934 618,8 1,0934 355,0 -
7 366,1 1,1361 658,3 1,2603 658,3 1,1361 366,1
Butterworth-Verlauf (Welligkelt 0 dB)
Grad: Bauteilewerte in pF und pH:
C1 L2 €3 L4 cs L6 c7
3 383 | 15915 | 3183 - - -
5 196,7 1,2876 636,56 1,2876 196,7 -
7 1417 1,0082 5735 19916 5316 1,0082 1417

Table 3: Component Values for Low-Passes at 10.0 MHz and 50Q

Echodimpfung = Reflection loss, Welligkeit = Ripple, Rund =

Approximately, Grad = Degree, Bauteilwerte = Component values,
Und = And, Butterworth-Verlauf = Butterworth gradient
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Echodémpfung 10 dB (Welllgkelt rund 0,5 dB)

Grad:  Bauteilewerte in pF und pH:

el 2 €3 L4 s L6 o7
3 2050 0,71% 2050 - = - =
§ 1915 0,63%9 1215 0,639 1915 . 2
7 1879 0,6250 122,7 0,5841. 1227 0,6250 187.9

Echodémpfung 14 dB (Welligkelt rund 0,2 dB)
Grad:  Bauteilewerte in pF und pH:

C1 12 c3 L4 £5 L6 cr
3 279 0,6894 267.9 o = : -
5 2448 05913 1496 05913 2448 -
7 2387 05730 1422 05249 1422 05730 2387
Echodimpfung 17 dB (Welligkeit rund 0,1 dB)
Grad  Bauteilewerte in pF und pH:
Cl 2 c3 14 €5 16 c7
3 3185 0,6964 3185 s - - -
5 2854 05792 1637 05792 265,4 2 3
7 2168 05574 1539 05025 1539 05574 2768

Butterworth-Verlauf (Welligkeit 0 dB)

Grad  Bauteilewerte in pF und pH:

C1 L2 c3 L4 5 L6 c7
3 3183 0,3979 3183 E ™ - -
5 5150 0,4918 1592 0,4918 515,0 - -
7 7152 0,6281 176,7 03378 1767 06281 715,2

Table 4: Component Values for High-Passes at 10.0 MHz and 502
Echoddmpfung = Reflection loss, Welligkeit = Ripple, Rund =
Approximately, Grad = Degree, Bauteilwerte = Component values,
Und = And, Butterworth-Verlauf = Butterworth gradient
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values in pF and H listed in Table 4.
The numbering differs from the usual
sequence in that the component numbers
coincide with the coefficients, as can
also be seen from the circuit diagrams in
Fig's.2d to 2f in Part-1.

The values calculated were precise, and
were not rounded up or down until later
to give practical values (with sufficient
accuracy).

8.
SCALING UP OR DOWN

8.1.  Conversion to Another Limiting
Frequency

In order to convert the filters above for
use with other limiting frequencies, the
capacities and inductances merely need
to be multiplied by the ratio of the
frequencies:

C'=C v (f) /)
L' =L (f; / )

where f; for our limiting frequency of 10
MHz, used in the tables, is:

C"=C' (10 MHz/ f,)
L"=L'" (10 MHz / f)

Example:

The dimensions of a filter are to be
changed to give it a limiting frequency
of 14.5 MHz. This gives us:

C"=C'- (10 Mllz/ 14.5 MHz)
L"=L"- (10 MHz / 14.5 MHz)

lLe.
C”=C"+0.68966
and
L”=1L"-0.68966

where C’ and L’ are the original values
for a capacity or inductance at 10 MHz
and C” and L” are the desired values for
the new frequency.

Check: Higher frequencies, smaller ca-
pacities and inductances; lower frequen-
cies, bigger capacities and inductances!

8.2. Conversion to Another
Impedance

To convert to another impedance, the
capacities are multiplied by the ratio of
the impedances (Z1/Z2), while the in-
ductances are divided by the same ratio,
i.e.

O = (Zi [ Zy)
B =B )

Starting from the impedance of 50 for
Z1 sclected here, this gives:

C"=C'""*(50/2,)
L*=L1 P50 1'Z,)
Cxample:
A filter is to be converted to an
impedance of 75Q. This gives us:
C"=C'-(50/75)
L =10 FES0./'T8)
ie.
C”=C + 0.6666 and
L” =L/ 0.6666

where C" and L’ are the original values
at 50Q2 and C” and L™ are the desired
values at the new impedance.
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Check: Higher impedance, smaller ca-
pacities and bigger inductances; lower
impedance, bigger capacities and
smaller inductances!

2.
CHECK

All the component values shown in the
ahove tables were entered into PSPICE
and the curves obtained were checked.

But it must be pointed out once again
that parisitic elements are not taken into
account here see [2]. Thus in practise it
will be necessary to use slightly lower
component values to obtain the precise
limiting frequencies desired.

The follow-up article by D.Eckart
Schmitzer, DJ4BG on this subject will
be appearing in a futures issue of VHF
Communications:

LC  Filters with Attenuaiion
Based on Chebyshev Filters
Editor

Peaks

VA Commuications

Back issues of VHF Communications Magazine are
available at £2.50 each

Price includes surface shipping, for Air Mail add £0.75 per
issue. Credit card orders +5%

A complete set of available
issues to 4/1997
£75.00 plus shipping at cost

Tel: +44 (0)1788 890365 Fax: +44 (0)1788 891883
Email: vhfsales@vhfcomm.co.uk Secure WWW Form ¥
https://www.vhfcomm.co.uk/saleform.htm
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Gerald Diillberg, DLSDAQ

Microprocessor-Controlled FM
Receiver for Weather Satellites

Part-1

A modern FM receiver is introduced,
with a station-finding function for the
137 MHz range. The central elements
of the unit are an IC receiver, a PLL
module and the PIC processor.

A remote power supply for masthead
pre-amplifiers is also provided, to-
gether with a second input for a 1.7
GHz Meteosat converter.

1.
INTRODUCTION

The PLIL receiver described below is
designed to receive signals from weather
satellites in polar orbit, e.g. NOAA or
Meteor on 137 MHz. Six channels are
provided for this purpose, with a station-
finding function; these six channels are:
137.3 MHz, 137.4 MHz, 137.5 MHz,
137.62 MHz, 137.8 MHz and
137.85 MHz.

Channels seven (137.5 MHz) and eight
(141 MHz) are prepared to receive

signals from geo-stationary weather sat-
ellites, e.g. Meteosat on 1.7 GHz. An
external converter is required for this,
with an LO frequency of 1,553.5 MHz,

If these channels (7 and 8) are selected,
the receiver input is switched to the
second antenna input through a relay.
DC is applied to both antenna inputs to
provide a remote power supply for
amplifiers or converters.

Thanks to the IC’s used, the entire
structure is compact and easy to copy.

2.
DESCRIPTION OF
CIRCUITRY

Fig.1 shows the circuitry for the high-
frequency stage.

Two separate high-frequency inputs are
provided, to give a choice of reception,
through a 137 MHz antenna or through
a Meteosat converter.

117



VHF COMMUNICATIONS 2/99

@

J3AI329Y [RIES INPBIAL ) JO mondds Lduanbaif-ysStH jo weadeyq SuLuay 1814

118



VHF COMMUNICATIONS 2/99

@

The input signal is transmitted through a
relay onto the capacitive tap of the
single-circuit preliminary filter. The high
point of this circuit goes directly onto
the dual-gate MOSFET BF 998.

At its output is a triple-circuit filter for
image frequency suppression.

The signal is then symmetrically uncou-
pled through a transformer into the
MC 3363 receiver IC. This is the core
of the receiver, which, with very little
external circuitry, forms a complete
double super receiver, with a de-modu-
lator and an S-meter output.

The first intermediate frequency of
10.7 MHz is filtered with a ceramic
filter, with a band width of app.
150 kHz. The 35 kHz wide 455 kHz
ceramic filter is responsible for the
adjacent channel sensitivity itself.

This band width is needed to receive
signals from weather satellites, since
these transmit with a wider dispersion
than is otherwise usual in narrow-band
FM.

The low-frequency signal is then already
available at pin 16 of the receiver IC.

This signal initially passes through a
simple low-pass, consisting of an R11,

Fig.2:

Front View of
Prototype showing
small number of
Controls

R12, C25 and C26, and is then split
between three paths:

The first path runs through an opera-
tional amplifier circuit (IC4C) with an
amplification of app. 26dB.

This signal is the desired low-frequency
output signal; the loudspeaker signal and
the output signal for the subsequent
weather fax decoder can be adjusted
independently of one another through
two trimmers.

The current amplification for the loud-
speaker output uses a BD 135 as an
emitter follower. This simple circuit for
low-frequency output amplification is
fully adequate here, since only a moni-
toring function is involved, and the
loudspeaker usually remains silent dur-
ing image reception.

The second path (IC5C) is used to
evaluate the DC voltage fraction of the
de-modulator for the AFC. This is
particularly necessary for the reception
of polar satellites, in order to balance
out the Doppler effect. First, the low-
frequency fractions are removed from
the output voltage with a passive low-
pass filter (R29 / C48) and the resultant
DC voltage is amplified to approxi-
mately 6 Volts. In two subsequent
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Fig.4: View of Components Side with wired-up Components

comparator circuits, it is compared with
the rated voltage, which is set using P3.

The rated voltage corresponds to the DC
voltage of the de-modulator, with tuning
at the frequency mid-point.

One comparator (IC3B) generates a “1”
for too high and a “0” for too low a
frequency at the processor port.

The other comparator has a feedback
system which brings about a hysteresis.
This ensures that the reception fre-
quency is not continuously oscillating
around the rated value, as in a two-point
regulator. The feedback system is ad-
justed in such a way that the hysteresis
corresponds to app. 1 kHz of the
maximum possible tuning error.

Fig.3 shows the control clectronics for
the complete receiver.

The frequency correction itself is calcu-
lated by the processor and is transmitted
to the PLL through the 12C bus.

Finally, the third path (IC4D) has an
active band-pass filter for 2,400 Hz with
a downstream comparator, which goes
to the timer input of the processor
through a voltage divider, R23 / R 24.

Fig.5: Operational Controls on
Display Board
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Here the APT tone of the satellite signal
is cvaluated. When a satellite appears,
the station finding function is termi-
nated.

This method is more reliable than
conventional noise inhibition, because it
does not respond to noise impulses.
Moreover, this method does not require
equalization, because an appropriate ac-
tive filter band width has been selected.

The internal LO in the MC 3363 is used
to mix the reception frequency down to
the first intermediate frequency. This
LO oscillates at approximately
127 MHz, and is locked into the
required frequency with the PLL-IC
TSA 6060. The PLL module also
required very little external wiring.

The LO signal is fed to pin 5 through a
C coupler. The tuning voltage is avail-
able at pin 13. The loop filters are
formed by CI19, C31 and R4. Any
remains of the reference frequency are
filtered out by the subsequent RC filter
R13/C33.

124

Fig.8:

Positioning of two
SMD Components
on Underside

In the PLL module too, the reference
frequency is generated in combination
with an external 4.0-MHz crystal.

To adjust the frequency, the divider
ratio of the internal frequency divider of
the processor is adjusted accordingly
through the 12C bus,

The TSA 6060 also has a band switch
output (pin 8), which is used here to
switch over the antenna relay. The
switchover data also come from the
processor through the I2C bus.

The receiver has an S-meter output, with
a display dynamic of app. 60dB. De-
pending on the signal stength. the
output voltage lies between 6.5 and
9 Volts. If an appropriate instrument has
to be connected up then, should the
situation arise, the R14 resistance (high-
frequency stage) should be adapted. No
S-meter was included in the specimen
unit for reasons of space. However, it
can be useful. especially for adjusting
the Meteosat antenna.

To be continued
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KIT
DG4RBE-003
DCG4ARBE-(04
DGARBF-005
DGARBF-006
HF-WOBB
KOMBI
DCRUG-007
DISES-019
DISES-019mod
DIRES-020
NJSES-021
DJBES-022
DIBES-023
DIBES-03 Imod
HIF-MESS
QE2TLY, 001
YT3IMV

rcn
DGARBLE-003
DGARBIE-004
DGARBE-005
DGARBE-006
DCRUG-PA
DCSUG-NT
DISES-019
DISES-020
DIBES-021
DIRES-022
DIRES-023
DIBES-027
DIRES-028
DIBES-029
DISES-030
DIBES-G3 1mod
DIRES-032
[DIBES-033
DIBES-(134
HF-MESS
QOE2TZL-001

COMPLETE KITS & PCB's

DESCRIFTION

HF Synthesiser 5 to 1450 MHz, TCXO

T Synthesiser 5 to 1450 Mllz, Processor
HF Synthesiser 5 to 1450 MHz, Bus Driver
HF Synthesiser 5 (0 1450 MHz, Regulator for VCO
Sofiware for PC; HF-WOBB

EPROM HF-SYNTH + Software HF-WOBB
SW PA for 13cm

Transverler 144/28 Mlz

Transverter 30/28 Mllz

Hybrid Amplificr for 144 MHz

13cm I'M ATV Exciter

28/432 MHz Transverter Oscillator

28/432 MHz Transverter Converter

Mixer / 1.O

PC Software for the DISES projects
PreMixer for 23 and 13om

Low Noise L-Band Aerial Amplilier

DESCRIPTION

HF Synthesiser 5 to 1450 MHz, TCXO
HF Synthesiser 5 to 1450 Mz, Processor
HE Synthesiser § 1o 1450 MHz, Bus Driver
HF Synthesiser 5 to 1450 MHz, Regulator for VCO
5W PA for 13¢m

Power Supply for the PA

Transverter 144/28 MHz

Hybrid Amplifier 144 MHz

3em FM ATV Exciter

28/432 MHz Transverter Oscillator
28/432 MHz Transverter Converter
Milliwatt Meter for the PC

0.9 - 1.5 GHz Synthesiser for the PC
Interface Card

VCO with PLL

Mixer / LO

Pin Diode Controller

A/D Converter with Detector

Dircet Mixer with Logarithmic Display
Sottware for the DISES PC projects
PreMixer for 23 and 13cm

ISSUE
283198
2&3/98
2&3/98
2&3/98
283/98
2&3/98
394
4/93
2195
1/94
2/94
2/95
2195
2198
TBA
1197
2/92
ISSUE
2&3/98
2&3/98
2&3/98
2&3/98
3199
3/94
4/93
1194
2194
2/95
2/95
4196
1197
3/97
397
2/98
397
4/97
4/97
TBA
1197

06938
06385
06392
06387
06388
06395
06396

03999

06358

06936
06937
06384
06386

@

PRICE
£135.00
£125.00
£ 12.00
£ 12,00
£ 5500
£ 85.00
£286.00
£143.00
£143.00
£179.00
£ 67.00
£ 59.00
£114.00
£:52:50
£ 32.50
E115.00
£ 29.80

PRICE
£ 18.00
£ 17.00
£ 5.00
£ 500
£ 1925
£ 775
£ 1795
£ 1725
£ 18,50
£ 16,50
£ 16.50
£ 13.50
£ 1350
£ 15.00
£ 15.00
£ 15.00
£ 15,00
£ 15.00
£ 15.00
£ 32,50
£ 15.00

Minimum Shipping charge £6.75 * Credit Card orders +5% * Address data at bottom of Contents page
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THE GS8OZP RANGE OF
MICROWAVE KITS FOR

A\

AMATEUR TELEVISION

ASSEMBLED GUNNMOD2 3cm ATV TRANSMITTER PCB & KIT

CGunnmod2 PCB forms the heart of a compact, fully featured FM. Gunn diode PAL, SECAM. or NTSC
Amateur Television Transmitler with 5.5, 6.0 or 6.5 MHz intercarrier sound, The PCB is suitable for
most types of 3em and other frequency Gunn oscillators up to 25mW (up to 300mW Gunn oscillators
may be used with the addition of one extra transistor). The single 3 by 2 inch guality PCR incorporates a
stable, adastable Gunm diode modulator with video pre-emphasis and adjustable deviation, together with
a stable intercarrier sound generator with selectable pre-emphasis. audio limiting, input level control and
output filtering. The PCB requires a single 10 - 15V DC unregulated supply and consumes only 20mA,
excluding the Gunn diode. This makes it ideal for portable or mast head use.

PCB with full instructions - you supply components, Gunn Ose, case, connectors, ete..... £ 7.50
Kit with full instructions - you supply Gunn Osc¢, case, connectors, ete (Note 1)..... - £25.00
Kit with Gunn oscillator - you supply case, conneciors, ete. (Notes 1 & 2) vnivenrisnnivasaronen £ 35,00

Note 1: Please state 5.5 MHz, 6.0 MUz or 6.5 Mllz audio sub carrier frequency. (6 MHz standard) Note
2 At present Gunn oscillators are good tested surplus units. Gunn oscillators are WG16 square flange
mounting, 8§ - 12mW output and pre-tuned to 10,340 GHz, other frequencies at request. § - 12mW
oscillators. when equipped with a suitable antenna and a low noise RX are capable of providing
ling-of-site transmissions well in excess of 100Km., With minor modifications this TX may be used to
transimit data.

3em LNB’s

Low Noisc Block receive converters have been the main contributive facior that has opened up the 3om
band to ATY and other modes. With the low receive noise figures now available, transmissions are no
longer restricted to clear linc-of-sight paths. Test transmissions have conclusively shown that over the
horizon transmissions by various propagation modes are now possible. None line-of-sight transmission by
means of scatter from rain clouds has also been achieved. Equipped with suitable antenna systems. etc.,
operation well in excess of 100km is readily achicvable. Intepral feed horn types will fit directly on to
standard offset satellite dishes with a 38 - 40mm mount,

Brand ncw with integral feed horn 0.7dB noise tigure £ 50.00
Brand new with integral feed horn 1.0, - 1.2dB noise figure £ 45.00
Brand new with integral 20dB antenna 0.8db noise fig. £ 60.00
Brand new 22mm circular input 0.7db noise figure £ 55.00
Brand ncw 22mm circular input 1.0db - 1.2db noise figure £ 50.00

All LNB’s. are fully tested with the local oscillator at 9.0GHz £0.01% (this is often better than original),
(rther local oscillator frequencies available by request. Horizontal or vertical polarisation is sclected by
applying either approximately [3 or BV DC.
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ASSEMBLED DOVE ATV TUNEABLE IF / RECEIVER KIT

The Dove ATV Tuneable IF/RX forms the ideal heart of an ATV recciving svstem for either 24em (see
note) or the higher bands when used in conjunction with a suitable Low-Noise-Block Converter. It is
designed as a compact easy (o construct unil that requires no adjustment, setting up, or alignment. The kit
contains all board mounted components and full instructions. The only other requirements are a case,
power and oulput connectors, four potentiomeler controls (all 10k lin) and a switch (SPST). The unit has
been designed on a flexible modular concept. Plug-in modules are being developed which include: a fully
tuncable sound demodulator, plus single and multichannel synthesiscrs. Unprocessed DC-coupled
baseband output is provided for expansion into data reception or multiple subcarrier demodulation. An
AGC output is provided for signal strength, etc. A divided by 256 local oscillator signal is also available.

Size: 105mm wide x 97mm deep x 50mm high
Power: T - L4y DC @ 400mA

Frequency Range: 925 - 1800 Milz

Sensitivity: -537dBm (300uV)

Audio Subcarrier: 6 MHz

Video Bandwidth: 25 Hz to 3-5.5 M1z Variable

Video Outputs: IV P-P Composite Unprocessed Baseband
Audio Output: 1.5 Winto 40 minimum

Controls: Main Tuning, Volume, Video Gain, Video Bandwidth, LNB Power ON/OFF
LNB / Preamp Powe: 12V DC Switched

Conncclions: R Input F-type, all others 0.1" pitch (supplicd)
Mounting: l'ixing pilot hole in each corner

NOTE: When used as a 24 em Receiver unless the signal is a strong local one a preamp will be
required.

DOVE RECEIVER KI'T £ 57.00

24em HEMT GaAsFET ATV PREAMP

Satellite receivers are basically tuncable IT units which require. for satisfactory operation, input signal
levels of many millivolts. In a satellite installation most of the RF gain is provided by the dish mounted
LNB, This means that if used on the 24em band, unless they arc used only for local working, they will
require a high-gain pre-amp at the front end to compensate for the gain normally provided by the LN,
This 24cm low-noise, high-gain pre-amp is designed specifically for ATV use, but may be used on any
modes if required. Micro striplines plus Helical band pass filter make alignment very simple and greatly
reduces the possibility of interfercnce from out of band signals.

1dB noise figure HEMT' GaAsFET front end, 40db gain,
12 - 20V DC supply via coax. (from salellite RX ete.) or separate feed if required, Sturdy tin plate
cnclosure. High quality BNC connectors. Very simple to align

Note; This kit contains some surface mount components. 'TX/RX switching is not included

Complete Kit £ 77.50
Fully assembled, aligned & tested £ 90.00
Shipping charges at cost Credit Card orders +5%.
KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, CV23 8UF, U.K.
Tel: (0)1788 890365 - Fax: (0)1788 891883

E-mail: vhfsales@vhfcomm.co.uk
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winSMITH 2.0

The easy-to-use Smith Chart program with the features you need!

You do the thinking — the computer does the drawing, saves the
parameters, prints the data, and shows you the answer!

« “Build” networks of up to ErEmmm
nine elements.

« Enter your own frequency
and impedance data table. =

 Tune parameters with the |
keyboard, or simply drag i
the arcs with your mouse.

» Show constant VSWR cir-
cles or contstant Q arcs.

» Easy printing and file sav-
ing options.

« A full setof L, C, R, trans-
mission line, transformer
and resonator elements.

« Continuous display of para-
meters at cursor position,

winSMITH 2.0 has a new HELP file so good you won't need the manual!

winSMITH was created by the engineers of Eagleware Corp., a major developer of
RF/microwave design software. It operates under Windows® 95, 98 or NT.

Order Stock # NP-5, priced at only U.S. $79.00

Shipping charges for winSMITH are $5.00 U.S., $10.00 Canada, $22.00 other countries (air express).
Payment required with order. We accept VISA, Master Card, American Express, or check drawn on a
bank located in the U.S. Contact us for wire transfer or special shipping requirements.

Crestone Technical Books

A division of Noble Pubishing

4772 Stone Orive, Tucker, GA 30084 USA
Tel: 770-908-2320 * Fax: 770-939-0157

ERESTONE E-mail: crestone@noblepub.com

T_E CHNICALHOBDKS www.noblepub.com




Visitus af

www.eagleware.com

GENESYS versions

=SuperStar= Professicnal is a complete
simulator with all models for lumped and
transmission line, active and passive, RF
and microwave circuits. =SCHEMAX=
makes entering your design as easy as
point and click.

GENESYS is a package of =SuperStar=
Professional, =SCHEMAX= and other
modules to assist with the design of a wide
variety of circuits. You may add any of
these modules at any time.

=LAYOUT= create artwork $699
=PLL= PLL design and simulation $999
=FILTER= L-Cfitters $699
=M/FILTER= printed filters $999
=0SCILLATOR= oscillators $699
=MATCH= matchingand amps $699
=A/FILTER= active filters $699
=T/LINE= fine design $599
=EMPOWER= EM simufation $2999
GENESYS/EM  al modules $8999
GENESYS without=EMPOWER=  $6999

CEAGLEWARE=

Eagleware Corporation 4 4772 Stone Dr % Tucker, GA 30084 # USA

eagleware@eagleware.com
TEL (770 939-0156  FAX (770) 939-0157

BEOsMULEShEE

T2 94 viEAEH

1707 MO A0 1 I W3 533-1-1

TEL 03-3988-1731 FAX 03-3988-1706
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