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Dipl.-Ing. J.v.Parpart

Carrier Suppression in the Ring Mixer

Electronic news technology can not he
imagined without the mixing or modula-
tion process. The so-called ring mixer
was already in use in the ‘thirties in the
telephone technology sector. And even
today, the ring mixer is still an up-
to-date component, distinguished by
high modulability and good reproduc-
ibility of technical data,

Depending on the application, it can
cause interference if the oscillator signal
cross-talks at the mixer output (inad-
equate carrier suppression}. This prob-
lem is comprehensively discussed below
and a solution is put ferward.

1.
RING MIXER THEORY

A ring mixer has three gates. At one gate,
an oscilfator feeds in the frequency: fo. At
another gate, an input signal with the
frequency fe is provided for the mixer. The
mixer continuously switches the polarity
of the input signal, using the polarity
switching frequency, fo, and a keying ratio
of 1:1. The polarity-switched signal ap-
pears as an output signal at the third gate of
the mixer. It can be calculated what
spectrum fractions are involved (Fig.1).

The OdB line is 3.9dB below the fevel of the input signal

The Spectrum is unlimited at high frequencies

¢ dB 9 dB
-49.5 dB -%.5 dB
{ I -14 dB -14 dB
fo-fe fo+fe 3fo-fe 3fo+fe sfo-fe Sfo+fe etc
Fig.1: Spectrum fraction of a Mixer signal
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Triple
0 dB
Triple:
-9.5 d&
e seo
Fig.2: DC as Modulation signal

Among other effects, the ring mixer
changes the frequency of the input signal.
Fe becomes fo + fe or fo - fe. The
conversion loss amounts to 3.9dB (that’s
physics, it can never get any better).

Two of the three gates of the mixer are
coupled to a transformer. DC fractions can
thus not be transmitted. One of the gates
occupies a special position. Its transmis-
sion range begins at 0 Hz (DC).

Let us assume that the input signal is fed in
at the DC-coupled gate. The spectrum at
the mixer output changes if the input signal
has a DC fraction. Carrier oscillation
comes into play (frequency: fo), together
with its odd multiples. If the DC fraction of
the input signal is half as big as the
amplitude of the AC fraction, then the
carrier oscillation and the side bands are
the same size (Fig.2).

Lower Upper
Sideband Sideband
-12 dBm ~12 dBnm
.......... FETRRRTT
Carrier
-43 dBn
Harmonic
-72 dBnm
Fig.3: Damping value in Ring Mixer

DC is half as big as amplitude of AC fraction

The case outlined corresponds to a degree
of modulation of 200%. Doubling the DC
raises the carrier by 6dB. Halving it lowers
the carrier by 6dB.

The carrier oscillation and the oscillator
signal are in phase or in counter-phase to
one another, depending on the DC polarity.

.
CARRIER SUPPRESSION IN
PRACTICE

If, for example, we develop an SSB
transceiver, then the low-frequency signal
will be mixed with a 9 MHz oscillator
signal. The carrier is unwanted. So we take
a ring mixer and keep it DC-free.

Carrier Suppression
31 dB

Harmonic
-72 dBm

131



@

VHF COMMUNICATIONS 3/93

Theoretically, there are no limits on the
degree of carrier suppression, but how do
things look in practice?

A standard ring mixer, for example,
requires an oscillator level of 7dBm. The
mixer manufacturer specifies, for example,
that the oscillator signal has to be sup-
pressed at 50dB, ie. there are thus -
43dBm at the mixer output.

The wanted sigral - ie. the converted
low-frequency signal - at the mixer output
is not particularly large. Otherwise non-
linear distortions arise. And why should
we make problems for ourselves as early
as the mixing stage? So we select the
wanted signal to be about - 12dBm. The
harmenic distortion attenuation (k3} is
then about 60dB (Fig.3). Narrow limits are
set to any increase in the wanted signal, for
it is known that the harmonic distortion
attenuation {k3) is impaired by 2dB if the
level is raised by 1dB.

What degree of carrier suppression takes
place? Weli, only 31dB are left over. That
is the difference between the level of the
wanted signal and the carrier.
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Fig.4a: Modulated signal without
Carrier, fo
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3.
PERFECT CARRIER
SUPPRESSION

What is to be done fo make the unwanted
carrier disappear from the spectrum? One
suggestion is to add a signal of the same
size but in phase opposition. The sum then
immediately becomes zero. The goal is
achieved.

We know nothing about the couplings and
asymmetry effects which (in contrast to
pure theery) have caused the carrier to
emerge. We can only start from the
assumption that the phase length and the
amplitude of the carrier are haphazard but
stable.

According to the laws of vector calcula-
tion, the carrier oscillation can be broken
down into two components. One compo-
nent is aligned in the same direction as the
oscillator signal (0° or 180°). The other
component is orthogonal to the oscillator
signal (90° or -90°). Both components
must disappear for perfect carrier suppres-
sion.

ATT 1D 45
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Fig.4b: Carrier only becomes visible
without modulation
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R4

Output
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The component which is in phase with or
in phase opposition to the oscillator signal
can simply be compensated for by means
of a DC voltage at the DC input of the
mixer. The polarity and level of the DC
must be adjustable.

The orthogonal component can be com-
pensated for if a signal displaced 90° is
obtained from the oscillator signal and
added to the mixer output signal. The
phase length (90° or -90°) and the ampli-
tude of the signal must be adjustable.

If the process is carried out skilfully, two
potentiometers are sufficient for tuning.

Fig.5:
Circuit diagram of a
Compensated Ring Mixer

4.
CIRCUIT FOR A 9 MHz
MIXING STAGE

The proposed circuit is intended to mix a
low-frequency signal with a 9 MHz oscil-
lator signal. The crucial element is a ring
mixer (HPF 505), which is linked into the
compensation circuit referred to above.
The level for full modulation has been
selected in such a way that a harmonic
distortion attenuation (k3) of 60dB is set.
The harmonic interval of the low-fre-
quency generator must be extremely good
for this measurement. The UPA3 (R & S)
was used. The following test certificatcs
show that there is scarcely anything to be
seen of the carrier. It can not be discovered
until the low-frequency generator 'is
switched off (Figs.4a, b). N

And now for the circuit.

133
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4.1. Power supply

The circuit requires 12 Volts, 20mA. A
standard fixed voltage controller is used.

4.2. Low-frequency signal path

The low-frequency signal should be at a
level of 6dBu (4.4 Vss). Deviations of +/-
3dB are permissible. The potentiometer,
P3 (Fig.5), is set in such a way that there
are 8 Vss at pin-7 of the operational
amplifier (IC1). The lower frequency limit
1s determuned through R7 and C2 and
comes to about 30 Hz.

The operating point of the operational
amplifier IC1 (1/2NE 5532) is mainly
determined through the voltage dividers,
RY and R12, and lies in the middle of the
useful range of modulation.

I 22

| 10 p
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Fig.7: Assembly plan for the Compensated Ring Mixer
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‘The operating point of the operational
amplifier IC2 (1/2NE 5532) is set using the
potentiometer, P2. Should the loop of the
potentiometer be in the central position,
then the operational points are the same for
both operational amplifiers. With a right-
hand or left-hand deflection, there are
differences amounting to 100 or -100 mV.

The consequence is that between pin-7 of
IC1 and the capacitor, C4, there is a signal
with an AC fraction and an adjustable DC
fraction. This signal is fed into the DC
input of the mixer through R13. The
resistance, R6, provides for a termination
of this input corresponding to the surge
impedance.

4.3. The path of the oscillator signal

The oscillator signal (9 MHz, 7dBm) is
connected to the mixer input. A small part
of the signal is decoupled through C1 and
L1. The reactive impedances are equal and
amount to approximately 500Q. AtR1 and
R?2 are voltages which are phase-displaced
by (almost) 90° or -90° in relation to the
oscillator signal.

If the loop of the potentiometer (P) is in the
central position, then (almost) no signal is
picked up. If the loop is rotated out of
centre, a signal can now be picked up -
always depending to which side we rotate -
which is phase-displaced by 90° or -90° to
the oscillator signal. The amplitude can be
as high as 2% of the oscillator signal
(right-hand or left-hand deflection).

The compensation signal must now be
inter-connected with the signal at the mixer
output again. In order to obtain a high
degree of decoupling, a bridge circuit is
used. If the intermediate-frequency output
is terminated at 50Q (ZW), then the mixer

@
output is in the zero branch of a balanced
bridge: R4 : R5 is as R3 to ZW. The
consequence is that the compensation
signal does not get to the mixer, but only to
the intermediate-frequency output.

4.4. The path of the intermediate-
frequency signal

If the intermediate-frequency output is
terminated at 50Q (ZW), then the potenti-
ometer, P1, is located in the zero branch of
a balanced bridge. R5 : ZW is as R4 to R3.
The consequence is that the signal at the
mixer output does not reach the potentiom-
eter, but only the intermediate-frequency
output. Irrespective of the potentiometer
setting, the mixer output is always matched
and the signal at the intermediate-fre-
quency output remains constant (both
side-bands: -16dBm).

The bridge circuit damps the mixer output
signal by 3.8dB with the given dimensions.

4.5. Tuning

The low-frequency signal at pin 7 of IC1 is
set to 8 Vss using P3. At the intermediate-
frequency output, both side-bands are then
-16 dBm.

The 0° / 180° cross-talk is compensated for
using P2.

The 90° / -90° cross-talk is compensated
for by P1.

4.6. Parts list

IC1:NE 5532 Mixer: HPF 505
R1,R2:22Q R3:91Q
R4,R6:51Q R5:27Q
R7,R8:4.7Q2 R10,R11: 51
P9:1.3kQ2 R12:1.5kQ
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R13: 6200 R14: 6200
P1: 10k P2: 1000
L1: 10psH

Cl: 33 pE C2: 1uF (foil)
C3: 330 0F C4: 47uF

5

GOOD AND BAD AMPLITUDE
MODULATION

Let us assume that an amplitude modulator
is to be developed. It is proposed to
connect a signal with a DC fraction to the
DC input of the mixer, as above.

With full modulation {100% AM), the
carrier is 6dB larger than the side bands.
The DC must thus be as large as the
amplitude of the AC fraction.

One obvious question is this. Why should
we be thinking about carrier suppression if
we still want a large and powerful carrier
to be present in the spectrum? The fiy in
the ointment is that the oscillator signal
cross-talks at the mixer output. The 0° or
180° component of the cross-talk does not
cause any other interference. It merely
changes the degree of modutation. It’s the
90° or -90° component which is danger-
ous!

An oscilloscope would show what is
happening over time. It is not possiblc to
achieve 100% modulation. A residual
carrier always remains (namely, the 90° /
-90° component of the cross-talk). To put it
another way, with a high degree of
moduiation the envelope curve is de-
formed. An envelope curve de-modulator
could not win the signal back free of
distortion.

138

A second effect now arises. The carrier is
phase-medulated. Why this is so can easily
be explained by means of a vector dia-
gram. The amplitude-modulated signal
(horizontal axis) displays instantaneous
values which vary in size. The phase
length of the resulting vector is altered by
the 90° or -90° component of the cross-
taik.

It 1s relatively simple to eliminate the error
(Fig.9). It is necessary to compensate for
the 90° / -90° component of the cross-talk.
To this ¢nd, as already indicated, part of
the oscillator signal is decoupled and
added to the mixer output signal after a
phase displacement of 90° or -90°. For
tuning, the AM signal (e.g. degree of
modulation 80%, low frequency 1 kHz) is
fed into a commercial FM or PM de-
modulator and the percentage interference
modulation is measured.

6.
THE INTER-CARRIER
PROCESS

The so-called inter-carmer process is
known from television engineering. The
fact is made use of that 5.5 MHz or
5.74 MHz below the FM-modulated tone
carrier there is a crystal-stabilised carrier -
namely the image carrier.

For the purposes of selection {and Nyquist
filtration), the image and sound carriers in
home receivers are switched over
to the mtermediate-frequency position
(38.9 MHz, 33.4 MHz/33.16 MHz). The
intcr-carrier medulator (depending on the
circuit design, it may be formally de-
scribed as a ‘‘quasi-paralle! sound de-
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Orthogonal
Cross-talk

|

0% 100%

Fig.8: Vector diagram of an AM signal

modulator’’), then forms the differential
frequency, 5.5 MHz or 5.74 MHz, by
mixing the sound carrier and the image
carrier (in the intermediate-frequency posi-
tion). FM demodulation then follows.

Oscillators were previously used for con-
version to the intermediate frequency
position. Today (cheaper) synthesisers are
used. Cheap oscillators are known not to
be stable over the short run, i.¢. they have a
percentage interference modulation. The
image carrier and the sound carrier suffer
the same percentage interference modula-
tion through conversion. But the differen-
tial frequency (5.5 MHz or 5.74 MHz)
does not alter. The advantage of the
inter-carrier process lies in the fact that the
percentage interference modulation of the
converter oscillator has no disadvanta-
geous effect on the quality of the sound
transmission.

It is a very similar story if the home
receiver is connected to the cable network.
In certain circumstances, the converter
also operates in the terminal with a poor

Orthogonal
Libgss-Td Lk Resultant
[ ----- : Signal
0% 100%

Fig.9: Amplitude Modulated signal

small momentaneous value

Resulting
Signal

Amplitude modulated signal
large momentaneous value

synthesiser (present designs use a refer-
ence frequency of 781.25 Hz; this corre-
sponds to a channel grid of 50 kHz with
fixed pre-division by 64). The percentage
interference modulation of such converters
is considerable. De-modulation after the
parallel sound process would lead to
insufficient external voltage and noise
voltage intervals. So the parallel sound
receiver has finally died. Liberal regula-
tions permitting CATV converters are to
blame.

Back to the inter-carrier process. There are
two important requirements which the
image transmitter has to meet. The image
carrier must always be available at suffi-
cient amplitude (in this country: 10%
residual carrier) and the image carrier may
not be frequency-modulated or phase-
modulated.

The inter-carrier modulator can not distin-
guish whether the phase/frequency of the
image carrier or the sound carrier alters.
Wherever the change comes from, it is
demodulated.

The main reason for unsatisfactory quality
in television sound is the so-called image
modulator. It is just the same as with a
“‘standard’” amplitude modulator. The 90°
or -90° component of the oscillator cross-
talk brings about the phase modulation of
the image carrier.
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Really oufsfandingly good external and
noise voltage values for television sound
can be obtained only if the image modula-
tor is tuned at minimum 90° or -90°
oscillator cross-talk. A simple test is as
follows: modulate with black image, inter-
mediate-frequency output from image
modulator to commercial intermediate-
frequency de-modulator, and measure per-
centage interference modulation.

For the rest - you still keep finding the false
opinton in the relevant literatare that the
residual side-band filter of the {ransmitter
is responsible for the phase modulation of
the image carrier. It is naturaily indisput-
able that every one-sided: band transmis-
sion involves a phase modulation. But the
residual side-band filter does not cut in
until approximately 750 kHz with video
{requencics, and this is outside the andible
range.

7.
CONCLUSION

It is possible to perfect the carrier suppres-
sion in a simiple manner using ring mixers.
The process proposed is based on the fact
that both components of the cross-talk are
to be compensated for: the component
which is in phase with or in phase
opposition to the oscillator signal and the
component which is orthogonal to the
oscillator signal. The results obtained were
discussed with reference to a 9 MHz mixer
step.

There are circuits which can be decisively
improved if the orthogonal components of
the cross-talk are compensated for. These
include the amplitude modulator and the
image modulator used in television engi-
neering.

A patent was applied for the operating
principle of the compensation circuits in
1987 by the then employers of the author
(P 37 32 171). For commercial use, then, a
check should be made as to whether
corresponding patent rights exist.

et
2

Very low noise aertal amplifier for the
L-band as per the YT3MYV article on page|
90 of VHF Communications 2/92.
e Kit complete with housing Art No. 6358
"™ DM 69. Orders to KM Publications at the
address shown on the inside cover, or to
UKW-Berichte direct.
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Dr. Ing. JochendJirmann, DB1NV

Theory and Practise of the Frequency

Synthesiser
Part-2

The basic procedures for frequency
synthesis were put forward in the first
part of this article. Now Part-2 deals
with the elements of a synthesiser,
namely the phase discriminator, the
variable-gain amplifier, the voltage-con-
trolled oscillator and the reference fre-
quency generation equipment; filters
and mixers should certainly need no
further explanation and are thus ex-
cluded.

3.
PHASE AND FREQUENCY
DISCRIMINATION

The most important element of a phase
control loop is the phase discriminator; it
generates an output voltage which, in the
ideal case, is proportional to the two
signals fed in. A phase discriminator is
nothing other than a mixer, which mixes
down to an intermediate frequency of
““zero”’, and thus supplies an oscillating

DC voltage at its output depending on the
phase difference.

So any component with a non-linear
characteristic can be used as phase dis-
criminator. In order to find a phase
discriminator which can be used in prac-
tise, the unit must be optimised to specific
propertics, which has resulted in the
following basic types:

5.1. The analogue multiplier

An analogue multiplier is nothing other
than a double balance mixer, and forms the
product from two applied signals. If two
sinusoidal input signals are present with
the frequencies f; and f,, then thc output
voltage, as the product of the input
voltages, can be expressed as follows:

U, =U, sinn 1) - Uy sin2n o) (3)

When the basic equations for multiplying
sin functions are used, we obtain:

Up=U;- Uy Ya(cos2rt(f; -15)) -
cos(2mt(f, + 1)) (4)
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Sampler Impedance converter
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Pulse former
DBINV
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Fig.1: Principle of Sampling Phase

Discriminator

This is the well-known ‘‘mixer equation”
for an ideal mixer; only the total frequency
and difference frequency of the input
signals are obtained. Now, if the two
signals have the same frequency and have
a phase displacement of the output voltage
of the multiplier has a DC fraction which
depends on the phase position, and a
fraction with a doubled frequency. A
succeeding low-pass filter suppresses the
fraction with the doubled frequency:

Up=U;-U,- Ylcos @ - cos(@n fit+ @)
()

As a phase comparator, the analogue
multiplier has a number of advantages and
disadvantages which are briefly listed
here:

Since the multiplier is a linear component,
it reacts insensitively to input signals
which still have frequency components
other than the wanted signals, unless the
resulting mixed product also contains a DC
fraction. It is thus possiblc to synchronise a
PLL to a weak wanted signal in the
presence of strong unwanted signals. This
has the disadvantage that our output
voltage depends not only on the phase
difference but also on the amplitude of the
input signals.

140
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The multiplication causes a strong un-
wanted signal to arise at the double
frequency, which must be filtered out.

If the symmetry of the circuit is insuffi-
cient, the input signals can also cross-talk
directly onto the output.

Passive phase discriminators in the form of
diode ring mixers can be created for
anything up to the highest frequencies.

The analogue multiplier operates satisfac-
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torily only with input signals with a
symmetrical pulse-width repetition rate.

5.2. The sampling phase discriminator

The sampling phase discriminator or scan-
ning discriminator is a variant of the
analogue multiplier; in mathematical
terms, the input signal is multiplied by a
pulse sequence with an amplitude of 1 and
infinitely brief intervals (a so-called Dirac
sequence). Fig.l shows the layout in
practise. One input signal is applied at a
switch which is linked to a storage
capacitor from which the output voltage is
taken off at high resistance. The second
input signal is converted into a sequence of
pulses which controls the switch. The
momentary value of the input voltage is
scanned at each pulse (sampling) and
intermediately stored in the capacitor.
With input signals with the same frequen-
cies, different DC values are obtained,
depending on the position of the scanning
point on the sine curve. If the frequencies
are different, the differential frequency is
obtained.

The characteristic properties of the scan-
ning discriminator are:

At identical input frequencies, it supplies
an almost pure DC, which contains only

i
f
[

slight high-frequency spurious compo-
nents.

The input signal which is applied at the
switch must be sinusoid (sine or triangle),
so that a continuous relationship exists
between the phase displacement and the
output voltage.

With signals which are stable to some
degree, it is not necessary to scan every
signal period. A number of periods can be
omitted between scans. To this end, the
sampling discriminator combines a har-
monic generator and a phase discriminator,
which is why it is often used with
frequency multiplication in PLL circuits.

At low frequencies, the switch of the
sampling mixer can make use of FET’s,
while Schottky diode bridges are used at
high frequencies, up to the high gigaHertz
range. The controlling pulse generator can
be constructed for relatively long pulses (>
Snsec.) with logic gates, with efficient
utilisation of the gate running time, while
the step-recovery diode is the appropriate
component for short pulses. The avalanche
transistors, which were frequently used at
one time, have now rather been forgotten.
Fig.2 shows a section from the wiring
diagram of the DBINV 007 spectrum
analyser, as an example of a sampling
discriminator with a field effect transistor

E;.0

EXOR

AND

Fig.3:

I/P and O/P signals
from Gates of Phase

DB1NV Discriminator
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Fig.4:

Phase Discriminator
Characteristics of three
Gate Phase Discriminators,
showing DC Fraction of
Output Voltage

switch and pulse generation using the gate
cycle time. The reference frequency is 15
kHz, with an input frequency of between 7
and 20 MHz.

If the input signals are already present as
square wave voltages, e.g. as output
signals from frequency dividers, then
digital phase discriminators are used,
which can be integrated, together with the
frequency distributors, as ‘‘one-chip
PLL"5™".

5.3. Digital mixers as phase
discriminators

All types of gate can be used as digital
mixers, provided the input signals have a
pulse-width repetition rate of 50%. De-
pending on the phase position of the input
voltages, a square wave signal is obtained
at the output with a variable pulse-width
repetition rate; in other words, the average
DC voltage at the gate output is a measure
of the phase difference. Fig.3 (from (1))

clarifies the relationships between the
thrce types of gate, AND, OR and EXOR
(““Exclusive or’’). In practise, the EXOR
gate is preferred, because it supplies an
output signal with double the frequency of
the input signals. This simplifies the
filtering of the output voltage. Moreaover,
the EXOR gates have the stcepest charac-
teristic line, as shown by Fig.4 (from(1)).

However simple the gate phase discrimina-
tor may appear, it still has a few disadvan-
tages, which mean it is interesting only for
the applications listed below:

— The input signals must have a
pulse-width repetition rate of 50%,
so that the discriminator operates
correctly

= The output signal is a steep-sided
rectangle, which means that the
DC fraction can be scparated out
only by spending a lot of money
on filters.

This discriminator is therefore predomi-
nantly used in low-frequency PLL’s such

OUB
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as modem circuits and the like.

All the phase discriminators listed so far
have the following advantages and disad-
vantages:

— Since the phase discriminator char-
acteristics are symmetrical (Fig.4),
it is not essential to ensurc that the
control potential has the correct
polarity. Phase reversal in the vari-
able-gain amplifier is of no signifi-
cance.

— At least one input signal must be
(almost) symmetrical. Short pulses
can not be processed.

= If the frequencies are unequal, the
differential frequency of the input
signals appears at the output. If it
is in the band-pass width of the
loop filter, then the VCO is ‘‘war-
bled through’ from this frequency
until the PLL has synchronised.
Under certain circumstances an
‘“interceptor oscillator’’ has to sup-
port this process.

— A remedy can be provided by a
type of phase discriminator which
reacts to only one flank of the
signals and which also acts as a
frequency discriminator in the un-
synchronised condition, i.e. it leads
the VCO to the scanning point
without detours.

5.4. The phase frequency comparator

In its simplest form, the phase frequency
comparator consists of two D flip-flops, a
reset gate and two keyed power sources, as
per Fig.5.. If both flip-flops react to the
rising flank, the mode of operation is as
follows:

If the positive flank of input 1 sets the
associated flip-flop, the power source is

activated, which pulls the output in a
positive direction. If the positive flank of
input 2 reaches the associated flip-flop,
then it is likewise set and the power source
is activated, which pulls in a negative
direction. This condition lasts only a short
time, as the reset gate recognises both set
flip-flops and resets them both simultane-
ously. The output current of the circuit is
thus a positive pulse, the width of which
corresponds to the temporal interval be-
tween the input signal flanks. As you will
easily see, when the phase displacement at
the output is reversed, a negative current
pulse arises.

The behaviour of the circuit with signals
with different frequencies is interesting.
The signal with the higher frequency
always switches on its flip-flop until the
slower signal triggers a reset and resets
both signals. Thus only the faster signal
generates output current pulses, which
corresponds to the frequency discriminator
function desired.

With balanced signals, on the other hand,
in general no output pulse is generated, if
we ignore the brief interference spikes
when the flip-flop is reset. In the locked
condition, its output signal is a pure DC
voltage, so that a simple capacitor at the
output is sufficient to act, now and again,
as a loop filter.

The phase frequency comparator is there-
fore often used in integrated PLL circuits.

However, this circuit has a disadvantage,
which admittedly is often insignificant, but
explains many noticeable effects in a
frequency synthesiser. If both flanks meet
the inputs almost simultaneously, then the
width of the output pulse is no longer
dependent on the flank interval, but only
on the signal running times in the flip-flops

143



VHF COMMUNICATIONS 3/93

@
and in the reset gate. There is an area
around phase coincidence in which no
output voltage proportional to the phase
position is generated. Specialists in auto-
matic control technique speak of a “‘dead
zone”’. If the PLL Joop is locked, then the
VCO can drift off a little, until the phase
difference is big enough to generate a
control potential which compensates for
the drift again. This is noticeable in that, in
synthesisers of this type, the VCO continu-
ously “‘flutters’’ around its rated fre-
quency, which is particularly striking
when an SSB receiver is used for listening.

In FM radio equipment, this low-frequency
spurious modulation is mostly negligible.
There are three possible remedies, which
represent different compromises in terms
of expenditure and success:

I. The logic of the discriminator is
made as fast as is possible with the
circuit technology used. This re-
duces the dead zone. Old synthe-
siser [C’s using PMOS technology,
such as the S187 from Siemens,
are particularly unfavourable in
this context. Rapid logic nawrally
increases the current consumption.

logue phase discriminator (usually
a sampling discriminator) then
takes over the fine control. This
technique is used in the NJ8320
from Plessey and, in a similar
form, in the MC145159 from Mo-
torola. The resulfs are optimal for
what is, of course, considerable
expense.

Two phase frequency comparators
are used, which are powered by
signals phase-displaced through
gate running times, so that only
one discriminator is ever in the
dead zone. The output pulses are
suitably combined in the IC. The
phase discriminator in the TBB20(
from Siemens sheould operate by
means of this procedure.

It can be seen from the above that the
selection of a suitable phase discriminator
plays a key role in a successful synthesiser
project. True, nowadays most tasks can be
mastered using one-chip synthesisers,
which contain the entire digital logic of the
reference divider, adjustment divider and
phase discriminator. But frequently only a
discretely constructed phase comparator is

2. The phase frequency comparator is  in a position to guarantee the signal quality
used only for interception and for  required.
rough synchronisation. An ama- similar critical element is represented by
+UB
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the voltage-controlled oscillator or VCO,
which is the subject of the next section.

6.
VOLTAGE-CONTROLLED
OSCILLATORS

The VCO’s (voltage-controlied oscilla-
tors) used in PLL circuits can be roughly
divided into RC circuits and LC circuits.
RC oscillators, usually multi-vibrator cir-
cuits, are used in the low-frequency range,
since they are easy to lay out for low
oscillation frequencies. If the requirements
for stability are not high, they can also be
used in the lower part of the high-
frequency range. The cycle recuperation
PLL in floppy and hard disk controllers
represents one common application.

LC oscillators with capacitance diode
tuning are used, almost exclusively, in the
high-frequency range. A typical circuit of
this type is the FET oscillator in Fig.6. The
structure will be recognised as that of a
Colpitts oscillator with feedback from
source to gate. The HF is tapped at the
drain of the FET with low feedback. A
capacitance diode connected through a
capacitor displaces the frequency as a
function of the control voltage. However,
this basic circuit has its peculiarities, and
high-quality VCOs can not be constructed
unless they are known. This basic circuit
will later serve us as a model for the
explanation of crucial construction guide-
lines.

““PLL experts’” often express the opinion
that there is no need to pay much attention
to stability and drift in the construction of a
VCO, since the oscillator is actually

@
connected to the reference crystal and
should be allowed to drift and generate
background noise. We already know from
the first part of this series of articles that, in
principle, only those VCO malfunctions
which lie within the band width of the
control loop are controlled, and this is
often only a few hundred Hertz. It is thus a
good idea to construct the VCO as solidly
as a good VFO. If, for example, the VCO
in a radio set is tuned with an externally
fed-in, stable voltage, with the frequency
remaining on the reception channel for
minutes without readjustment and no no-
ticeable hum modulation or howl back,
then the circuit may be considered a
success.

6.1. Critical points

The following points are to be taken into
account in the circuit design and compro-
mises are to be made:

1. Basically the quality of the fre-
quency-determining oscillation cir-
cuit or resonator should be selected
to be as high as possible, to keep
the static sidebands as narrow as
possible. Narrow static sidebands
mean a high short-time stability for
the oscillator. The influence of the
quality can be explained by saying
that the unavoidable static from the
oscillator transistor due to the band
tuning effect of the resonator is
reduced to a narrow range near the
carrier. To ensure that the transis-
tor does not work against a high
unloaded Q for the oscillation
circuit, it is loosely coupled to the
circuit.

2. Capacitance diodes have relatively
good qualities in the VHF and
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Ugett
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UHF range. If a wide tuning range
is required, then the capacifance
diode must be permanently con-
nected to the circuit, which impairs
the quality and the static character-
istics. For high-quality oscillators,
there is the possibility of splitting
the entire tuning range into sevcral
sub-ranges. The most reliable solu-
flon is fo use separate oscillators
for each sub-range.

If a continuously tuneable osciila-
tor with an extremely wide tuning
range is required, then the poor
static characteristics must be ac-
cepted. Since in this case the
resonator quality is determined ex-
clusively by the capacitance di-
ode(s), it makes no sense to invest
considerable mechanical resources
in a high-quality resonator. A
neatly constructed coaxial circoit
with strongly linked diodes does
not bring about better characieris-
tics than a micro-strip layout.

At first sight, the long-term stabil-
ity of the VCO seems fo have no
significance, since it is actually
balanced by the control loop. This
is also a false conclusion, since an
oscillator which is very dependent
on temperature must be able fo
offer a large “‘funing reserve’’ on
both sides of the useful tuning
range, so that the PLL circuif can
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still intercept the oscillator ar ex-
treme femperatures. But there
again, an unnecessarily wide tun-
ing range is costly in terms of
signal-noise ratio.

5. Only bipolar types and barrier
layer FETs, both of which are
characterised by both good high-
frequency characteristics in  the
low-frequency range and low
static, come into consideration as
oscillator  transistors. MOS  and
MESFETS generatc a strong flicker
effect in the low-frequency range
and the lower part of the high-
frequency range, which is immedi-
ately transferred to the oscillator
signal as AM modulation. Since
the input and output capacities of a
transistor are independent of level
control, the amplitude modulation
is converted in the transistor into a
frequency or phase modulation,
which can no longer be removed
by subsequent measures such as,
for example, using a limiter.

7.
CIRCUIT DETAILS

Once the basic dimensions and the selec-
tion of components for a VCO has been
clarified, it is recommended that you take a
look at a few circuit details which are not
obvious, but which can havc a decisive
influence on the quality of the oscillator.
Some of these things were already being
discussed years ago in the amateur litera-
ture. But if we look at the failed designs of
some recent synthesisers we can see that
many things have been forgotten again.
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7.1. The operating voltage

Every oscillator reacts to oscillating power
voltages with a frequency modulation,
since the transistor capacities depend on
the voltage. The extent of the modulation
depends both on the resonator quality (high
quality reduces the frequency fluctuation)
and on the coupling of the voltage-
dependent transistor capacitors to the
oscillation circuit.

It is thus reasonable to allocate the
oscillator its own voltage regulator. But
before you reach into the box with the
integrated tripod voltage regulators,
there’s one thing you should think about.
The worst interference comes from rapid
oscillations of the supply voltage in the
form of superimposed high frequency and
static, since these can be only imperfectly
controlled by the PLL, or not at all. Tripod
regulators have poor control characteristics
at high frequencies and themselves pro-
duce some background noise. The “‘old”’
regulators in the 78X X range are relatively
good here. Modem low-drop regulators
and energy-saving low-power layouts ex-
ert a considerably slower control and also
produce a lot of noise. The best solution is
a discretely constructed regulator with a Z
diode and an emitter follower. Sufficient
current should be supplied to the Z diode
and an RC member should be mounted
between the diode and the base, as per
Fig.7, in order to suppress the diode static.

7.2. The bias voltage supply to the
tuning diode

Many oscillator circuits can be found in
which the bias voltage for the tuning
diodes is fed in through high ohmic
resistances (100k€2 to IMQ). This solution
has the advantage that a resistance is

@
cheaper than a choke and moreover oscil-
lator malfunctions caused by natural choke
resonances can be avoided. But every
diode driven in the high-resistance direc-
tion has an inverse current which under-
goes statistical oscillations, and thus repre-
sents a DC current with a superimposed
AC static current.

At a high-ohmic resistance in the DC
circuit of the diode, this static current
generates a noise voltage, which is super-
imposed on the tuning voltage and is
audible as a noise modulation. So for
high-quality VCO’s it makes sense to
design the DC current path of the tuning
voltage to be low-ohmic. The best solution
is attained if the diode voltage is fed in
through already existing coils, as in the
oscillator for ceramic resonators described
by the author in VHF Communications
4/90. Should this not be possible for
reasons of circuit technology, a series
circuit, consisting of a choke and a
damping resistance of approximately 1k,
should be used instead of the series
resistance. Dimension the choke for about
10 or 20 times the oscillation circuit
inductivity. Should oscillator malfunctions
arise, such as breaking down of the
oscillation at certain frequencies or ‘‘re-
verse tuning’’, then the natural choke
resonance is within the variable frequency
range, in spite of the damping. A different
choke inductivity solves the problem.

For simple oscillators, e.g. for walkie-
talkies, feeding the voltage in through a
resistance is thoroughly acceptable, pro-
vided it is made only as high-ohmic as is
absolutely necessary. Usually even 5 to
10kQ are sufficient from the point of view
of possible damping of the oscillator
circuit.
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The tfact that the neise characteristics of a
VCO and thus of the synthesiser can be
decisively improved by correct operational
voltage filtering and the feeding in of a
tuning voltage was already being written
about in articles in CQ-DL and VHF
Communications some years ago. How-
ever, many younger circuit developers
seem to have lost this knowledge, as is
shown by negative examples from recent
times.

7.3. The low-frequency wiring of the
oscillator transistor

The oscillator transistor amplifies not only
the wanted signal but also its background
noise, so that the noise spectrum extends
from the lowest low-frequency range (so-
called flicker effect) fo the limiting fre-
quency of the iransistor. This noise voltage
now modulates the fransistor characteris-
tics like an external interference voltage, in
particular the natural capacitancies, and
appears as a neise modulation on the
output signal. The width of the static
sidebands of the output signal depends on
the resonator quality of the oscillator, since
the resonance circuit is responsible for the
band pass filtering of the ourput signal.
How strong the effect of the low-frequency
noise from the transistor is depends on the
circuitry on the low-frequency side, i.e. on

12V

the low-frequency amplification of the
transistor. If the transistor is operating with
fulf open-loop voltage gain, then the noise
level at the collector will cause a corre-
spondingly powerful noise modulation.

Thus the goal must be to reducc the
low-frequency amplification of the transis-
tor by negative feedback, and ta design the
low-frequency source resistance in such a
way that the transistor is operated with its
optimal source impedance for the low-
frequency noise.

One possible solution for bipolar oscilla-
tors has been described in the VCO’s
DBINV (312/013. Here a collector resist-
ance more effective for low frequencies, in
conjunction with low-frequency feedback
from the collector to the base, provides for
good phase noise characteristics. The
disadvantage of such feedback is that it
extends the time between the switching on
of the oscillator and the reaching of the
operating point, which should be taken into
account for keyed oscillators {transmitter /
rcceiver circuit},

For FET oscillators ke the one in our
example (Fig.6), the gate is often ¢losed at
high resistance, so that a negative bias can
be built up by rectifying the high frequency
and the operating point can be stabilised.
The noise voltages arising af this resistance
can be rendered ineffective in that the gaie
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is put high up, using a high-frequency
choke, and the gate leakage resistance is
bridged by a capacitor.

The changes just described can also be
seen in Fig.8, which shows our specimen
VCO after noise optimisation.

8.
OTHER COMPONENTS OF A
SYNTHESISER

The other components of a PLL synthe-
siser, in addition to the VCO and the phase
discriminator, are the reference oscillator,
reference divider, adjustment divider and
variable-gain amplifier with low pass
filter.

The existing functional units in the PLL IC
are normally used for the dividers in the
signal and reference branch, or else re-
course is had to logic IC’s using ECL or
HCMOS technology, so no further expla-
nation is necessary. The reference oscilla-
tor is also integrated in most PLL IC’s, so
that if high-quality crystals are used
reasonable oscillator characteristics are
obtained straight away.

If the requirements for frequency stability
are more stringent, the use of an external
temperature-compensated crystal oscilla-
tor (TCXO) is recommended. Since
TCXO’s with the standard frequencies of
6.4 MHz or 12.8 MHz are a constituent
part of every mobile telephone and are thus
a mass-produced article, you don’t have to
pay much more for them than for a
made-to-order crystal. Prices start at £20
and rise in accordance with the stability
requirements and temperature range.

@
Those wishing to construct their own
reference oscillators should in any case
dispense with TTL gate oscillators, such as
can be found in many old publications.
Even in application documents for micro-
computers, there have since been warnings
concerning the instability and tolerance
sensitivity of circuits of this nature.

The variable-gain amplifier and low pass
filter functional units are of essential
importance in keeping the quantity of
spurious emissions low and for the tran-
sient response of a synthesiser, for which
reason we can not avoid individual dimen-
sioning. The author has no wish to bore his
readers with the mathematical description
of a PLL circuit, and prefers instead to give
clear assistance in dimensioning. Anyone
interested in the mathematical description
can consult, for example, (2).

The variable-gain amplifier with a low
pass has to fulfil the following functions:

— Amplifying the output voltage of
the phase discriminator to a value
sufficient to control the capacitance
diode in the VCO.

— Filtering out the residual ripple of
the phase detector signal, in order
to prevent any interference modu-
lation of the VCO through the
remains of the phase monitoring
frequency.

— Ensuring the stability of the control
loop using suitable filter character-
istics.

The last two points usually have contradic-
tory effects on dimensions, so you have to
look for compromises or have recourse to
expensive filter structures. Now how
should the low pass filter be dimensioned
so that the control loop operates in a stable
manner, i.e. avoiding a malfunction and
without ‘‘resonant rise’”? :
149



VHF COMMUNICATIONS 3/93

Ug Ua Ug ¢
u
R R 3 b
a cl_
C R
Ug Ug Ug
U
¢ i iy ® d
IC
Ry C
—_
Ug Ua, Vg (1
o (I & Ua
R R
e R I—--o f
RL
U
; R2 Uy
R
£ Ica h
;I
R1 C
— -]
Ug Ua Ug
: 2 :F, —— Ug
. 2 R m R R :
c
DB ANV 1
Fig.9: Loop filter options for PLL circuits

A PLL is nothing more than a feedback
amplifier, which keeps the VCO frequency
steady against external and infernal inter-
ference faciors. If all components are ideal
and free from delay, then no low pass is
needed in the loop. But since all functional
units have an operating delay, the feedback
produccs a spurious feedback at a certain
mterference frequency, so that the interfer-
ence builds up. The low pass now reduces
the amplification in the control loop for
high frequencies to such an extent that the
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feedback condition 1s no longer fulfilled
for the critical frequency.

The setting divider and the phase discrimi-
nator make the biggest contribution to this
delay rime, as can easily be imagined. If
the input frequency of the divider alters,
then the phase discriminator does not
“notice’” this until a signal flank has arisen
at the output of the divider. The discrimi-
nator itself needs one flank each in the
signal and reference branches to determine
the phase differential,
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It can thus be seen that the maximum
sensible control speed, and thus the limit-
ing frequency of the low pass filter, can
amount to only a fraction of the phase
monitoring frequency.

If, as a first step, the low pass is
dimensioned at 1/10 to 1/50 of the phase
monitoring frequency, then the PLL can at
least be engaged and can then be opti-
mised.

8.1. Various low pass filters

In constructing the low pass filter, you
have the choice between passive filters
(the low pass is mounted in front of or
behind the variable-gain amplifier) and
active filters, in which the low pass is
integrated into the feedback of the vari-
able-gain amplifier. Figs. 9a to Sh give a
summary of common filter structures. In
Fig.9a, we see a simple passive loop filter,
a first-grade low pass with the limiting
frequency f, = 2.R.C. The active version in
Fig.b is an integrator with the time
constant t = R.C.. The difference between
the two options is that with the passive
filter the phase difference between the
reference signal and the VCO signal is not
set to zero, but a phase error remains which
depends on the frequency, because the
output voltage of the phase discriminator is
the tuning voltage of the VCO. The active
loop filter integrates the phase error at zero
and keeps it there (or at a fixed value
conditioned by the circuit). The active loop
filter can be used with advantage provided
the output voltage of the phase discrimina-
tor does not allow any sizeable deviation
from its equilibrium value. The simple
first-grade loop filter can not provide an
optimal transient effect during interference
or frequency changes.

DB1NV

Ug R

Fig.10: Examples of non-inverting (a)
or (b) variable-gain amplifiers

As stated earlier, every PLL has an internal
delay time, which generates a phase angle
rotation in the control circuit and converts
the feedback into a spurious feedback. The
first-grade loop filter is already generating
a phase angle rotation of 45° at its limiting
frequency, which increases to nearly 90° at
still higher frequencies, and is added on to
the phase angle rotation of the rest of the
loop. Thus the filter at first just impairs the
“‘phase reserve’” of the PLL loop and the
limiting frequency must be selected lower
than the optimum for reliable operation.

If a resistance, R1, with a value of app.
1/10 R, is wired up in series with the filter
capacitor, C, as per Fig.9c or 9d, the
transient effect of the PLL after interfer-
ences or frequency changes improves
decisively. In accordance with what has
just been said, the effect of the extra
resistance can easily be understood. As the
frequency increases, the low pass reduces
the amplification in the control loop, but
the interference phase angle rotation of the
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filter is much slighter than before. At high
frequencies, the capacitor can be consid-
ered as a short-circuit, and we obtain a
veltage divider made up of R and RI,
which causes no phase angle rotation.

Untortunately, this loop filter has a disad-
vantage. Whilst damping using the filtcr as
per Fig.9a increases with the frequency, by
6 dB / ocrave, with the filter as per Fig.9c¢ it
reaches a constant value, namely the
voltage divider ratio from R and R1. Since
the output of a phase discriminator always
contains residues of the phasc monitoring
frequency and its harmonics, thesc frac-
tions are better damped by the circuit as
per Fig.%a than by that as per Fig.9c. A
modulation of the VCO with these interter-
ence voltages should be unconditionally
avoided, since they are expressed as
spurious emission symmetrical to the rated
frequency at intervals correspending to the
phase menitoring frequency and its mul{i-
ples. In the extreme case, this gives the
notorious ‘‘synthesiser laitice fencing™,
which seriously interferes with the adja-
cent channels. One remedy is provided by
an additional low pass, which becomes
effective only from the phase monitoring
frequency onwards, and has only an
insignificant influence at lower freguen-
cies. The low pass can be supplemented by
a capacitor, C1, as in Fig.9e or 9, which
should be dimensioned at about 1/10 C. R
and Cl1 then form the additional filter for
the phase mopitoring frequency and its
harmonics. This circuit is also often
described as ““two time-constant filters’”.

A further improvement can be obtained if
the second low pass is mounted behind the
variable-gain amplifier, as shown in Fig.9g
and Fig.%h. In the first place, the low pass
for filtering the phase monitoring fre-
quency can here be dimensioned independ-
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ently of the rest of the circuit, and in the
second place it also altenuates high-
frequency interference factors stemming
from the variable-gain amplifier, such as
noise.

For synthesisers with a rapid transient time
after a frequency change, a further im-
provement is possible using a non-linear
loop filter as per Fig.9i or 9j. One section
of the Jongitudinal resistance, R, is bridged
over with two anti-parallel diodes. For
large frequency jumps, which entail a big
change in the ocutput frequency of the
phase discriminator, the capacitors of the
loop filter arc rapidly reversed, so that the
diodcs become high-ohmic again, and the
optimal time constant for static operation is
selected.

The pre-requisite for the usaility of a
non-linear loop filter is that the phase
discriminator delivers a DC voltage which
is not interspersed with spike pulses. The
spikes would open the diodes and would
arrive at the filter ovtput without much
weakening. In this respect, a sampling
phase discriminator is ideal.

8.2. The variable-gain amplifier

In the selcction of the variable-gain ampli-
fier, it should be borne in mind that its
noise goes directly into the VCO and
beecomes noticeable as phase jitter. The
best solution is usually a discrete amplifier
or impedance converter with one or two
transistors - some examples are shown in
Fig.10. Operational amplifiers arc easier to
handle, but have to have low noise levels.
““Ancient types”’, such as the ‘7417 or the
CMOS-OP’s, such as, for example, the
TLC 27M7 manufactured by Texas Instru-
ments, are completely unsuitable. CMOS
and micro-power operational amplifiers
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make more noise than bipolar types or
those with a FET input. The author has had
some good experiences with FET types
such as, for example, the TLO70 family
from Texas Instruments, or special low-
noise types, such as the OP27 from PMI or
Analog Devices. The best price-perform-
ance ratio, in the author’s opinion, is
provided by the NE5534 from Philips,
which was specially created for high-
quality low-frequency applications, e.g. in
studio technology. Its small disadvantage,
the high input static current, can be
eliminated if necessary by a series-con-
nected source follower with standard
FET’s, such as the BF 245.

9.
CALIBRATING AND
OPTIMISING THE CONTROL
LOOP

9.1. Optimising on a mathematical
model

To optimise the low pass filter and thus the
control behaviour of the PLL control loop,
we can analyse the circuit mathematically
and then hope everything works. To
prepare the calculation, we have to deter-
mine the control gradients of the phase
discriminator and the VCO, which requires
a certain amount of measurement. The low
pass must then be calculated either ““on
foot”” or using a suitable computer pro-
gram. Since the effort involved is consider-
able, in particular for people little inclined
to mathematics, the author suggests the
following experimental procedure:

@
9.2. Optimising through experimenting

The point of departure is a loop filter as per
Fig.9c or 9d, for which the following
dimensioning rules have proved them-
selves with normal radio synthesisers with
25 kHz channel grids, which then scrve as
a point of departure tor the optimisation.
With a simple recciver-synthesiser, the
time constant RC will initially be selected
as a millisecond (c.g. R = 10kQ, C=0.1F),
and the resistance, R1, will take the form
of a trimming potentiometer, with a value
of 1/2R.

If the synthesiser is to be modulated in the
FM transmitter, then the RC time constant
should be selected at approximately 10 to
50 milliseconds, since a PLL which is too
rapid will otherwisc lcvel the low-fre-
quency fractions of the modulation.

With these dimensions, the PLL circuit
should engage when R1 overflows, i.e. the
control voltage of the VCO is a pure DC
voltage, which alters when the channel
changes or when the VCO is manually
de-tuned. If the control voltage “‘sticks’” at
a stop, there may be a number of rcasons
for this:

The tuning range of the VCO is insutfi-
cient to reach the rated frequency.

The control voltage is unintentionally
being inverted, so that the frequency
discriminator, integrated in many PLL
IC’s, is pulling in the wrong direction.
Depending on the type of IC, a passive,
non-inverting or active filter is pre-sup-
posed, and the control direction can often
be reversed in the IC!

With PLL circuits with ECL pre-dividers,
the error may lie in too little controlling of
the divider by the VCO. If there is too little
control, or no control, many pre-dividers
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oscillate wildly and the control circuit runs
permanently, trying to stabilise the situa-
tion.

If control oscillations occur which do not
disappear when R1 is altercd, then initially
the filter capacitor 1s enlarged until the
circuit operates in a stable manncr. With
active loop filters, the problem may also lie
in an oscillating operational amplifier.

Once the synthesiser is operating to this
extent, it can be established, by listening to
the adjacent channels, or (if possible) by
using a spectrum anatyser, whether spuri-
ous emissions at thc phase monitoring
frequency are present. Next, it should be
decided whether an additional filter is
needed, as per Figs. 9 to 9h. The
dimensions applying here arc: time con-
stant R.C1 / phase monitoring frequency.
If this does not bring the spurious emis-
sions under control, then check whether
the static generally is coming into the VCO
through the contro! voliage, as opposed to
digital pulses finding their way directly
into the VCO.

9.3. Optimising the control behaviour

If the synthesiser has opcrated satisfacto-
fily up to now, we can go on to the
optimising of the control behaviour. To
this end, periodic interference with the
control loop is required, the stabilising of
which is observed using an oscilloscope,
which is connected to the tuning voltage of
the VCO. The control precedure should
run briskly and without overshooting. If
enough is known about computers, the
synthesiser IC can be moved up and down
a few channels at a frequency of between
10 and 20Hz. Otherwise, a square-wave
signal with a similar frequency is con-
nected into the control loop, as per Fig.11.
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The R1 and C values of the low pass filter
are optimised in such a manner that the
square-wave interference is stabilised as
fast as possible and without osciliations.
With a synthesiser which can be modu-
lated, the transient load response is dimen-
stoned to valucs of app. 20 milliseconds.
The calibration is advantageously carried
out at a frequency at the lower end of the
VCO tuning range, since here the tuning
gradient and thus the risk of instabilities is
at its greatest.

At the top end of the band, then, there is
strongly damped control behaviour, and
thus a longer response time. This creates
less interference than oscillations at the
lower end of the band. Anyone wishing to
perfect the control behaviour can use phase
discriminaters with programmable control
gradients and select the appropriate control
gradient in each case on the basis of the
frequency selected.

It will be noted that freedom from spurious
emissions and the desired control behav-
iour can often be brought about only with
comprornises on a denominator. Assigning
low-frequency dimensions to the low pass
tor the phase monitoring frequency (C1)

Squarc-wavej
generator '

Variable]
gainamp.

V(o

Tastkopf

DBINY | Oscilloscope

Fig.11: Measurement circuit for
optimising PLL
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increascs the spurious cmissions interval,
but increascs the over-shots during the
transicnt effect.

Fig's.12a and 12b show the control behav-
jour of a correctly dimensioned PLL and
an insufficiently damped PLL, as obtained
using the Fig.11 measurcment circuit.

10.
FULLY SOLID-STATE PLL
FUNCTIONAL UNIT

Until a few years ago it was still normal to
asscmble the digital part of a synthesiser
from individual logic IC’s. Since then,
many one-chip PLL circuits have become
available, which contain all the digital
clements, from the sctting divider through
the phase discriminator, the reference

oscillator and the reference divider to the

control logic for the dual mode pre-divider.
Frequently, we even find a section of the

variable-gain amplificr or a loading pump-

for the generation of a higher VCO tuning
voltage in the 1C’s. Since a micro-control-
ler controls the operating scquence in
almost all radio equipment, the directly
programmable synthesiser 1C’s arc being
squeezed out by layouts with bus connec-
tions.
The most common types of interface arc:
— 4 bit paralicl with additional ad-
dress inputs for direct conncction
to the data buses of 4-bit and 8-bit
micro-controllers
— Three-wire bus, a scrial synchro-
nous interface, which consists of a
data line, a timing linc and a
reception line; this bus is often
described as a ‘“microwire”’

100
DBINV
- 3
£
=R 50 100
T — t/ms
-100
100
DBINV
z
: ~ [\
| % o —
— tims
-100[

Fig.12: Control behaviour of correctly
dimensioned (a) and
insufficiently damped (b) PLLs

— The 12C bus, known from cnter-
tainment clectronics, which con-
sists of only a data linc and a
timing linc
Anyonc interested in the data transmission
procedure should refer to the manufactur-
crs’ special data books (3) - (8). The
lcading manufacturers of synthesiser 1C’s
arc Fujitsu, Motorola, Plesscy and Sic-
mens.

The author has restricted himself to prod-
ucts from the Motorola and Plesscy com-
panics, since here the distributors
(Enatechnik for Motorola, Astronic for
Plesscy) willingly made small amounts of
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cquipment available for experiments. Un-
fortunately, many intercsting components
exist only in the ““handy 2500-unit big
pack’’, which makes them unsuitable for
AMALCUT U,

10.1. “Wanted list”’ of selected PLL
modules

The following data summary may provide
the nterested reader with a survey of the
data and operational cxpericnee relating to
somc sclected PLL components:

MCJi45152 (Motorola):

This CMOS synthesiser, already decidedly
clderly, can be parallcl-programmed using
19 data lincs, but subscyucntly requires no
micro-processor for control. It operates
with all common dual-modulus pre-divid-
crs from Motorola and Plessey. The
disadvantage 1s that the divider factor for
the reference frequency is programmable
only to & places and the phase discrimina-
tor has two scparate digital outputs which
arc merged cxternally in the variable-gain
amplificr. Since the phase discriminator
gencrates pronounced residoal pulses in
the engaged condition, considerable work
has to be spent on the filter in order to
bring the spurious emissions under control.

M{C1451146 (Motorola):

The MC145146 is designed for program-
ming by mcans of a 4-bit data bus and, as
well as the MC145152 equipment, pos-
scsses a fully programmabtle reference
divider and a second phasc discriminator,
which avoids the ““dead zone™ mentioned
in conncction with simple phase frequency
discrinminators.

MC 145159 (Motorola):

The MC145159 is programmed by means
of a three-wirc bus and has similar
characteristics to the 1C’s above. However,
158

it has been optimised for use in high-
quality synthesisers. So it has an analogue
sampling phase discriminator, which sup-
plics a very clean output voltage to the
succeeding units, without digital interfer-
ence pulses. Separate supply and earth
connections for logic and for the analoguc
section make it possible to provide the
phase discriminator with a clean operating
voltage. A digital course discriminator is
responsible for the rapid engagement of the
PLL. The MCI145159 is laid out for
operation with a passive, non-inverted
loop filter.

NJ8820 (Plessey):

The NIS820 is especially suitable for
high-quality synthesisers with relatively
few operating channels, for it possesscs a
special “‘PROM interface’’, and can read
its program data off independently from an
EPROM. The reading procedure is trig-
gered using an input which is connected
only by capacitive coupling to the PTT
line. Each level change then automatically
acts as a re-programming. The NJB820 has
a digital course discriminator and a high-
quality sampling discriminator for fine
control. An active, inverted low pass filter
is needed. The NJIB821, with a 4-bit
parallel bus, and the JN&8C22, with a
serial wire bus, alse belong to the same
family of circuits. Alt the IC’s have been
produced using CMOS technology and
require external dual-modulus pre-dividers
for frequencies greater than 10 MHz.

SP8853 (Plessey):

The SP&R53, laid out in accerdance with
bipolar technology, does have a relatively
high current consumngption but, to make up
for that, it has a dual-modulus pre-divider
up to 1.5 GHz, so that it can be described
as a genuine one-chip solution. The
S$P8853 is programmed by means of a
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three-wire bus. More rapid frequency
changes are possible without re-program-
ming, thanks to a doubled frequency
register, which is selected using a switch-
ing input. Coarse and fine phase discrimi-
nators with programmable output currents
and a programmable polarity for the output
voltage mean this module is pre-destined
for professional applications, which is
reflected in the price. An identical format
is available in a cheaper plastic housing
under the description SP8861.

10.2. ““Wanted list’’ of selected
pre-dividers

In most cases, a matching dual-modulus
pre-divider is required for the synthesiser
1C’s referred to above. The following types
from the very wide Plessey range were
investigated:

SP8716-19:

This family of dividers typically operates
at up to 520 MHz and has a typical current
consumption of 7 - 10 mA. The SP8716
divides by 40 and 41, the SP8718 by 64
and 65, and the SP&719 has divider factors
of 80 and 81.

SP8703/04:

The SP8703 and its low current-drain
successor the SP8704 are designed for
input frequencies of 1 GHz. The current
consumption of the SP8703 amounts to 30
mA and it can be switched off with a power
down input. The divider factor is 128 or
129. The SP8704 requires only 10 mA
more and can be wired for a 64/65 or
128/129 division.

SP8793:

The SP8793 divides by 40 or 41 and
operates at up to 225 MHz, with a typical
current consumption of 4 mA. An internal
voltage controller makes operation possi-

bl
e at 6.8 to 9.5V, if no 5 V supply is
available.

It should be mentioned here that Fujitsu,
Motorola and Siemens also supply interest-
ing pre-dividers, but they are difficult for
the ordinary amateur to acquire. Perhaps a
distributor interested in amateur radio may
have the modules available.

Following this comprehensive description
of the modules making up a frequency
synthesiser, dear reader, you should be able
to design and make a working synthesiser
to suit your own requirements. Perhaps you
have also experienced one or two sudden
insights which now explain earlier false
steps in synthesiser engineering.

The third article in the series will deal with
the description of two rather more complex
synthesisers.

11.
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Wolifgang Schneider, DJ8 ES

CW Call Sign Transmitter

Every radio amateur has to carry out
test transmissions now and then.
Whether it be for test purposes (TVI/
BCI test) or for comparison, the ques-
tion alwavs arises: how do I modutate
my test signal?

The following description introduces a
simple and yet efficient CW call sign
transmitter. Dashes, dots, call signs or
even short texts can be transmitted in
CW mode by this assembly. In addition
to rendering the operator’s own test
signal clearly identifiable, this also

means that the regulations governing
amatenr radio are adhered to when the
operator’s own call sign is transmitted.

THE CW CALL SIGN
TRANSMITTER

This CW call sign transmitter puts a small
and at the same time cheap accessory into
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The CW Call Sign Transmitter
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the hands of the user. A circuit has been
created here at minimum cost which meets
all the necessary requirements. The fol-
lowing programming should be taken as
standard:

= One line of dots

~ One line of dashes
One line of dots and dashes
Test loop (TEST DE CALL)
Test loop (CALL LOCATION,
continuous dash)
cq loop (CQ CQ CQ DE CALL
CALL CALL PSE K, break)

Of course, the CW call sign transmitter can
be programmed in accordance with per-
sonal ideas and wishes. In the circuit
shown, the assembly is restricted to 512
storage steps per text. This storage volume
corresponds to approximately one
minute’s text at a rate of 60 bpm.

|

!

The complete memory area can be made
use of through suitable modification (ad-
dress selection of EPROM). This corre-
sponds to a maximum of 32 k of CW text.

Fig.2:

2.
DESCRIPTION OF CIRCUIT

A type 27C256 (IC3) EPROM acts as a
text memory and forms the core of the CW
call sign transmitter. The storage chip is
organised at 32 k x & bits. These 8 bits are
used to store a maximum of any 8§ CW
texts.

The CW signs are read out serially. For
this purpose, the EPROM 1is correspond-
ingly controlled through its address lines.
This function is handled by a CMOS-IC
CD 4020 (IC2). The divider is a 14-digit
binary meter, with the 9 low-value bits
serving to control the EPROM.

The programmed CW texts should be
transmitted at 60 bpm. With the memory
area of 512 bits available for each of the
eight possible texts (EPROM addresses
Odec - 511dec), the necessary clock fre-
quency of 273 Hz is calculated.

A standard circuit with an NE555 timer IC

The prototype from the components side and the foil side
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DJBES 018

The circuit can be built with minimum expense

Fig.3:

(IC1) 1s assembled as a clock. The output
frequerncy is determined by the RC combi-
nation 2 x 4k7 and (047. To vary the speed,
one of the resistances can be replaced by a
potentiometer if necessary.

The circuit is served by a single-pole
switch at the reset input of the binary meter
(IC2). It distinguishes between ‘‘Start”’
{(switch closed} and ““Stop’’ (switch open).
In the ““Stop” position, IC2 is reset to
address Odec. The possibility of switch
chatter keeps the RC unit out of 10k and
100nF.

Up to 8 different CW texts can be stored
and called up using the given circuit. The
desired EPROM output is selected using a
step switch. To control the stages of
transmission, or to control a transceiver,
the switch output is provided with a
BCR48B transistor. A 78L0S voltage con-
troller allows the call sign transmitter to be
operated at the normal operating voltages
(e.g. +12V). The current consumption of
the assembly at 12V is only 7mA, so that it
can be operated with a battery.
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3
PROGRAMMING

The address area Q4o _ 51300 18 always
available for the individual CW texts. The
characters are serially distributed in the
EPROM. A dot occupies 1 bit. If the
programuming initially proposed is used as
a base, then the following system applics:

d0 =line of dots
d1 = line of dashes

It is important that address Oy, should
always remain empty (logic ). When the
switch is in the **Stop”” position, the unit is
reset to this address. This should not cause
any character to be transmitted. The first
CW sign starts with address 1,

The EPROM is individually programmed
using suitable aids (software, program-
mer). A sample listing can be obtained
from the publishers.
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ASSEMBLY INSTRUCTIONS 4.1. List of components

1C1 NES555 timer
The CW call sign transmitter is assembled 1C2 CD4020 binary meter
on a double-sided epoxy-coated board 1C3 27C256 EPROM
measuring 53 mm. x 72 mm.. The IC’sare Al other components as SMD layout:
fitted from the components side and the 1 X TA78LOSF vo.ltage confroller
SMD components from the solder side. 1x BCB43B transistor

I x 1N4148 diode

The board is small enough to be incorpo-

rated in a standard tinplate housing. The Ix i&iri?}j\/]éa:;;i:?or
most varied assembly options are conceiv- 1x 0.47F / 35V tantalum
able, e.g. step switches and start / stop electrolytic capacitor
switches also mounted inside the housing. {5 i4F cefamiiccapagiess
During assembly, make sure that the 5x 100nF ceramic capacitor
copper surfaces remain around the bores 2 x 479k

for all earth connections. They are soldered 2 x 10k

on both sides.

(f you’re fravelling through FRANCE during the
2nd weekend of October, STOP in AUXERRE
and visit our 15th BAM EXBIBITION

THE BIGGEST HAM EXHIBITION IN FRANCE !!

At Vaulabelle Center (Blvd Vaulabelle, Near Citroen
Garage);9-10 0CTOBER 1993

Enquiries to F5SM, SM Electronic, 20bis Avenue
des Clairions, F.89000 AUXERRE.

Tel: +3386 46 96 59; Fax: +33 86 46 56 58
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Detlef Burchard, Dipl.-Ing., Box 14426, Nairobi
Crystal Testing
Oscillator crystals are nothing new. 1,
Technical applications for their piezo- INTRODUCTION

electric effects have been known for 60
or 70 years. Their characteristics have
been known about for just as long.
Manufacture was and is constantly re-
fined. Nevertheless, a crystal is still a
relatively expensive component. And
you don’t throw it away when it’s done
the job it was made for. It can be used in
an experimental set-up at frequencies
which diverge by up to 0.5%, even with
another upper harmonic. It may also be
used in a filter or demodulator.

The pre-requisite is that all its charac-
teristics are known. The article de-
scribes ways in which they can be
measured. This then leads to some new
types of application. I assume that the
reader is informed about the basic
characteristics of crystals, as they are
explained in the catalogues of most
reputable manufacturers. What follows
below is what you won’t find there.
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Everyone knows this effect. You introduce
a crystal into a tried and tested circuit and
find that the frequency generated does not
correspond to the one printed on the
crystal. This can be verified using simple
frequency meters, which nowadays meas-
urc with greater precision than that with
which crystals are manufactured.

So who is at fault, the user or the
manufacturer? Probably both! The user,
because he or she is using the crystal in a
way which the manufacturer did not
expect, and the manufacturer, because he
or she has not printed enough data on the
crystal.

There are certainly enough examples of
this. There is a crystal in my DIY box
which is simply marked **60.2 MHz’. The
manufacturer apparently wishes to remain
anonymous, and perhaps with good
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rcason. Another carries the description
““‘6 MHz SWS*’. The abbreviation refers to
a dealer who probably knows nothing clse
about the crystal. A third is referred to as
“Valvo 18.000000°°. We can easily inter-
pret this as 18 MHz (which is correct),
with a cemparison precision of 5 decimal
places after the last digit written down
(which is incorrect). It would actually
mean that the tolerance was only
0.028 ppm. No manufacturer, however
crafty, could promise that!

One example of a crystal marked with
sufficient information is the following:
TQ790516:216.631.25 range. First comes
the code for the manufacturer, Teleguarz
(TQ). We then find that this is a crystal in
an HC-45U houosing (7...) in the ninth
upper harmonic (.9...) with a comparison

Fig.2:

Impedance curve of a crystal
Y: Sdb/div; x: 25 MHz/div
0 ... 250 MHz

D.Burchard

tolerance of + 10 ppm (...05..} and TK of
+ 7.5 ppm between -20 and +70°C (...16),
which has series resonance at 216631.25
MHz. This is enough for the crystal to be
used in accordance with the regulations.
And there is hardly room for anything else
in the small housing. If vou want to use this
crystal in a different way or to understand
the cheap crystal with the inadequate
description betrer, then you must do your
OWn measuring.

Fe

CRYSTAL RESONANCES

Like any three-dimensional image, a crys-
tal has more than one resonance. You can
find any number of rescnances, provided
only that vou make the frequency range of
the investigation wide enough and select a
sufficiently fine resolution. A suitable
method is to measure the apparent resist-
ance over the frequency range in question.
Fig.1 shows a suitable measurement cir-
cuit, consisting of a power source and a
source follower, which follows (1). It is
wired into the signal path of a wobbler,
network analyser or spectrum analyser
with a tracking generator. For the TQ
crystal referred fo above, for example, you
get an image like Fig.2. We are initially
struck by a hyperbolic impedance
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Additional overtones
with spurious resonances
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decrease, which in reality is a logarithmic
hyperbola. Ii can be traced back to the
capacity between the clectrodes. The ac-
tual resonances of the crystal can be
detected through small ““swerves’” in this
hyperbola. This kind of thing is clearly
visible at 24, 72 and 120 MHz, but can
scarcely be made out at 170 and 217 MHz.
The resolution is evidently not fine
enough.

There are measuring instruments nowa-
days which can measure such curves in
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steps of 10 Hz. An expression of the
frequency range of Fig.2 with a 0.1 mm.
step width would be 2.5 km. long. So it is
better to investigate each ‘‘jump’” sepa-
rately by reducing the sweep hub, once a
general view has been obtained as per
Fig.2.

Fig.4: Appearance of a Zero Point in
the Impedance Curve when
long leads are used (scale

division as Fig.2)

Fig.5:

Compensation of electrode
capacity generates a Parallel
Resonance (here) atthe 7th
Overtone (scale division as
Fig.2)
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There is thus a fundamental - this is the
jump at the lowest frequency. Then follow
the upper harmonics, each at an interval of
about double the fundamental frequency.
All of them have spurious emissions in
their neighbourhood, as we shall see later.
This gives the complete equivalent-circuit
diagram of a crystal (Fig.3). Each reso-
nance is represcnted by a circuit in scries,
Ry Lyy» Cyy- The capacity between the
clectrodes s referred to as C,. Other
capacitics arisc between the electrodes and
the housing, which should usually not be
neglected, and in addition the wires to the
connections have a cerfain inductivity. The
latter is obviously noticeable only in very
long lines. For Fig.4, jumper wires 100
mm long were meunted as an extension at
10 mm. intervals, which created a series
resonance with C, and C, at 180 MHz. It
can be concluded from this that L, and L,
play no part in reasonable lengths of wire
of under 10 mm., unless the frequency
exceeds 300 MHz. At the moment, how-
ever, this is also the limit beyend which
crystals are not available, Tt had, of course,
already been reached 60 years ago with
tourmaline crystals.

The representation of a scrics resonance 1s
made considerably morc difficult if there is
a parallel low impedance of C,. This is the
case for all the higher upper harmonics.
One way out is to compensate for C, by
means of a parallel-wired coil. Its effect
can be scen in Fig.5. The seventh overtene,
for which compensation has been pro-
vided, is now clearly promincnt, and thc
resolution can be markedly improved by
reducing the sweep hub. The main reso-
nance of the seventh overtone can be seen
on the far left in Fig.6. All “‘satellites’” to
the right of it are spurious cmissions. Now
it is also clear that the resolution can not be

increascd any further using the broad-band
wobbler. Its interference dispersion is
several kHz, which 15 tco wide. This
means that stecp parts of the curve are
shown broken up and their more precise
course or the minimum value (the series
resonance) can not be made out.

3.

MORE PRECISE
REPRESENTATION OF
RESONANCES

So a generator with a much narrower
interference dispersion is needed; 100 Hz
may be sufficient in many cases, 10 Hz
always is. Such values can be found in
signal generators which are provided for
the measurement of high-quality receivers.
This nced not be the newest, most cxpen-
sive model from one of the big manufac-
rurers. What is required is the ability to
modulate the frequency, with a lower
limiting frequency as low as possible
(1 Hz, 0 Hz are cven better!), finc
adjustabtlity of the frequency and little
drift, so that a meter can be connected up to
determine the frequency. 10 Hz drift over a
few seconds meets all requirements.

Old valve cquipment from the surplus
markei with mechanical clements which
are still operating smoothty can be modi-
fied relatively simply. The author has done
this previously, using equipment from
Rohde & Schwarz (SMAF type, made in
1954) and Bicke & Bemmerer (type SGU
702, made in 1965) with good results. A
meter output was provided, electronic fine
tuning was incorporated, and the double
capacitors it the FM modulation path were
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Fig.6: Main Waves and Spurious
Emissions at 7th Overtone
after Compensation

Fig.7: Principal and Spurious
Resonances at Fundamental;
(a)without compensation;

(b) with compensation
Y: 5dB/div; X: 30 kHz/div
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considerably cnlarged. However, the illus-
trations show the results obtained using a
home-made signal gencrator, which can be
modulated from DC and has an interfer-
cnee dispersion of about 50 Hz.

With such a generator and still rather a
wide dispersion, we can obtain a good
general view of the main resonances and
their spurious cmissions, shown here in
Figs. 7 to 9 for the fundamental and the
fifth and ninth overtones of the specimen
TQ crystal. The spurious cmission damp-
ing can be read off directly. Anyone not
having a calibrated Y axis must change the
generator voltage until first the principal
wave and then the spurious emission
coincide with the same screen line, and
finally convert the results into dB.

The images shown in scction a are
obtaincd using uncompensated measure-
ment. Here the parallel resonance can be
seen just above the series resonance. It
occurs at points where the imaginary part
of the crystal scries resonance impedance
curve, in terms of quantity, is cqual to the
impedance of all C,, C, and cxternal
““load”’ capacitics parallel to the crystal.
The frequency is thus not determined
through the crystal alone, but can be
stretched rather far through external wir-
ing. We do not nced to determine it,
because it can always be calculated from
the cquivalent data and the wiring. The
images shown in scction a also illustrate
how measuring the scries resonances with-
out compensation is possiblc only for
fundamentals and overtones of a low order.
It is therefore a good habit always to
measure using compensation. The criterion
for correct compensation is a symmetrical
shape for the series resonance curve in the
vicinity of the resonance point, as can also
be seen from the images in section b.
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Fig.8: Principal and Spurious
Resonances at 5th Overtone;
(a) without compensation; (b)
with compensation

Y: 5dB/div; X: 20 kHz/div

The spurious emissions trom the overtones
occur at an increasing distance from the
principal wave in groups of 2, 3, 4, etc. |
have never yet found an explanation for
this undoubtedly interesting behaviour
anywhere.

4.
MEASURING THE
EQUIVALENT DATA

The electrode capacity, C, and the hous-
ing capacities, C,, can be measured using

Fig.9. Principal and Spurious
Resonances at 9th Overtone;
{(a} without compensation; {(b)
with compensation

Y: 5dB/div; X: 20 kHz/div

any capacity measuring equipment with a
sufficiently high resolution. The author
uses a Marconi TE2700 universal Wheat-
stone bridge, which requires a measuring
frequency of 1 kHz. This low frequency
ensures that a crystal resonance is never
measured when excited, and thus incor-
rectly. For capacity measurement, a crystal
has three connections: the electrode leads
and the housing. So three measurcments
must be carried out, each involving two
connections linked to one another, so C, =
Ca1 +C42. Cy=C+Cyand C,=C, + Cyy
can subsequently be determined. A simple
calculation then gives:
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C,= h(C+C,-C)  (la)
Co= 5(C+C,-C)  (Ib)
Cp= 15(C,-Cy+C)  (lo)

Because of the symmetrical structure, one
would expect that C, = C,y, and in the
majority of cases this is correct. However,
discrepancies do occur if, for example, the
crystal is mounted slightly askew. The
following capacities were measured for the
test crystal: C, = 4.1 pF; C,; = 0.6 pF;
Cg2=0.7pF.

With regard to the spurious emissions, the
first point of interest is the spurious
emissions interval, which has already been
determined. Then we may perhaps wish to
note the frequency intervals to the princi-
pal resonances. They can be read off
directly, e.g. from Figs. 7 to 9. As a rule,
we shall not want to know the L, and C,,
values of the spurious emissions. If we do,
we proceed in exactly the same manner as
described below for the principal reso-
nances.

The desired resonance is brought into the
centre of the screen by means of transmit-
ter tuning, and the dispersion is reduced
until an image corresponding to Fig.10 or
Fig.11 is obtained. The symmetry indi-
cates that the compensation has been set
correctly. A suitable X frequency must be
selected, so that the forward and reverse
cycles coincide (splitting, as later in
Fig.21, is only just permissible). The meter
connected to the transmitter will eliminate
the frequency variation by averaging if the
gate time is long enough (e.g. 1 s.). This
can casily be subsequently verified in that
sequential meter displays vary by only a
few Hz. The horizontal line in Fig’s.10 and
11 corresponds to an impedance of 100€2.
If a 100Q2 resistance is wired up instead of
Z, and another channel of the oscillograph
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1s made to coincide with this line and is left
there unaltered, we have this permanent
reference line.

With the desired resonance exactly in the
centre of the screen, the value is now read
off from the meter. This gives the series
resonance, f,. The +3 dB bandwidth has
to be determined next. It is read off at the
calibrated axes, or the transmitter voltage
1s reduced by 3dB and displaces the tuning
in such a way that now the curve goes
through the point on the screen where the

Fig.10: Image during measurement of
Fundamental
Y: 5dB/div; X: 20 kHz/div

Fig.11: Image during measurement of
9th Overtone
Y: 5dB/div superimposed
100Q line; X: 1 kHz/div
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minimum value was previously. This gives
two frequency values to be read off, their
differcnce being the band width, fxo. The
third value required is the series resonance
resistance. By comparison with the 100
line and the calibrated Y axis, we obtain
the factor in dB: -12 dB as regards Fig.10
or +6dB in Fig.11. The rcsonance resist-
ance, R10, is thus 258, while R%0 is
abtained as 200Q. If there is no calibrated
Y axis, the simplest method is to replace
the crystal by a trimming potentiometer,
set it in such a way that the line arising
coincides with the valley point of the
previous resonance curve, and then meas-
ure. Varying the transmitter voltage until
the valley point coincides with the refer-
ence line also gives a result. We can then
carry out the calculation:

@
with those from the manufacturer (2}, we
can recognise that they are all within the
given range. The obvious conclusion is
that there is no basic variation in the
manufaciure of basic crystals and overtone
crystals, at least not with this structure.
And there is thus nothing to prevent the
crystal’s being used at another resonance.

A comparison of the f., frequencies
measured discloses that the overtones are
not distributed barmonically - a fact
mentioned in every textbook. But what is
not mentioned is that they arc ali distrib-
uted harmonically in rclation to a fictitious
keytone, which here is 24.070 MHz. If this
is taken into account, the overtones can be
calculated with an error amounting to only
a few tens of ppm. There is an obvious
cxplanation. The electrodes charge the

6 W (2) crystal and lower its frequency (here by

1,255 ppm). This effect is used for the fine

Qxo0- Rxo tuning of the frequency, in that metal is

Lxo= Z—_f_ ) deposited until the rated frequency is

T ko reached. This influence is at its greatest for

the fundamental. The batches of metal are

1 tocated at the maximum amplitudes. The

Cro= @ overtones can not be influenced so eastly,
2-m- £, Q. Reo

The value measured for the sample ¢rystal,
together with the equivalent data calcu-
lated from it using equations (2)...(4), is
shown in Table 1. By comparing the data

because several maximum amplitudes lie
within the crystal’s interior. The fictitious
fundamental is calculated by halving the
frequency interval for two adjacent over-
tones.

Fundamental | 3.Overione 5. Overtone 7. Overtone 9. Overtone
x=1 x=3 x=5 x=7 x=9

fi 24,0405 | 722116 | 1203564 | 1684934 | 2166296 MHz

% Aol | 1,40 2,60 2,80 4,20 4,20 kHz

. Ruo 25 50 65 130 200 Q

2, | Qo | 17000 28000 43000 40000 52000 =
25 |lo| 28 3.1 37 49 7.6 mH

4] Cw | 158 1,6 0.47 0,18 0,07 iF

Table 1
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MEASUREMENT OF
TEMPERATURE BEHAVIOUR

The crystal oscillator has such a small
thermal capacity that it very rapidly adopts
the temperature of the housing due to
radiation. If the housing in the measure-
ment circuit is treated with a cooling spray
or with hot air, the resonance can be seen
to drift, and can also be measured by
trimming the frequency at the centre of the
screen. The cooling spray generates snow
on the housing. If the snow melts, the
temperature is pretty close to 0°C. A less
well-defined temperature point lies at
50°C, ‘“measured’’ by testing with a finger
after heating. If the temperature is still
higher, then you will have to move your
finger away at once. At 50°C a brief
contact is already possible. Anyone want-
ing more precise information will have to
put a thermometer over the crystal or use a
digital thermometer.

The two symmetrical temperature test
points located at 25°C make it possible to
determine whether the crystal was manu-
factured for a wide temperature range (-20
to +70°C) or a narrow one (0 to +50°C), or
for a specific temperature (thermostat
operation 60..90°C). The crystal cata-
logues usually give temperature behaviour
curves which allow the three cases to be
distinguished from one another. Then
again, there are examples for which the
frequency decreases below and above
25°C. This involves, not a thermostat
crystal for 25°C, but a BT cut. Many cheap
manufacturers prefer this cut for frequen-
cies of 15...30 MHz, because the crystal is
thicker than for an AT cut, and so easier to
produce. The disadvantage is a consider-
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ably higher TK, which restricts use to the
less critical cases, €.g. micro-processors.

6.
CHANGING THE RESONANCE
FREQUENCY

This procedure is referred to as ‘“stretching
the crystal’’, and is considered as being
difficult and possible only to a small
extent. This is definitely wrong. Later, we
shall make the acquaintance of circuits
which allow considerable ‘‘stretching’’. It
is even true that the natural limit for
stretching is at fairly high frequencies,
because spurious resonances always arise
there. The stretching procedure would
have a point of discontinuity!

Stretching is always required if a circuit
has to supply a more precise frequency
than is given by the manufacturer’s toler-
ance for the crystal. Otherwise, it would
not be possible to align a frequency
standard to 0.01 ppm (1 - 108) using a
crystal with an accuracy of adjustment of
2 ppm.

w

£ R

N

Stretching
K Ls circuit
Cs D.Burchard

%0
-x0 o Lo| JRo
X0 I

Crystal ~ Compensation

Fig.12: Universal stretching circuit for
Series Resonance Crystals
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Fig.12 shows a general “‘stretching cir-
cuit’” for series resonance. 1t consisis of a
second series rescnmance circuit (R, L,
C,), which is wired up in series with the
crystal. For symmetrical stretching charac-
teristics, the crystal must be compensated
for. Initially, the stretching circuit must
have the same resonance frequency as the
crystal. Detuning them leads, in accord-
ance with equation (5) below, to the
displacement of the total resonance hy Af,.
In practise, the possible Af, changes arc
still very small, as against the crystal
resonance, fo; there is a simple infer-
relationship:

G (liamop, 1y 6
2 C

Thus, if Ls is missing from the circuit, only
a stretching capacitor is wired in series,
and the equation is simplified ro:

CXO
Bl

Af,, =14 - (5a)
Frequencies can then only be increased.

If, on the other hand, the circuit containg
only a stretching coil, then the equation
which applies is:

fp,=-2- 712 B-Cyp Ly (5b)

and frequencies can only be reduced.

D.Burchard

The network theory states that a network
made up of n reactive components has n - 1
resonance points. The crystal alone has
three reactive components (C,q. L, Cp +
C,), and thus two resonances; namely, the
serics resonance, which is always used
here, and the parallel resonance, which is
just above it, without compensation. If Ly
is introduced, a further resonance arises. It
can be seen from Fig.7 that the original
{natural} parallel resonance is displaced to
considerably higher frequencics, whilst a
new series resonance arises below the
existing value. Two further series reso-
nances arise above and below ihe exisfing
parallel resonance points. Without further
measures, their rcsonance resistance can
be below R, + R, and an escillater can be
excited at one of these resonances. This
can be remedied by reducing Ry This
resistance should initially represent the
losses from L. If it is artificially increased,
the parasitic series resonances are damp-
ened.

A universal stretching circuit for the
natural parallel resonance of a crystal does
not exist, because this parallel resonance
comes into being only through the interac-
tion of further components and 15 not &
characteristic of the crystal. However, by
converting the impedance it is possible to
convert a series resonance inte a parallel
resonance. The best-known impedance
converter would probably be a A/4 long
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piece of coax cable. But there are also
solutions using discrete structural ele-

ments. Fig.13 shows one such. Its conver-
sion equation is:

Ly~ Zom=i when L, - Ck=L (6)
Ck x0

The impedance curve of the compensated
crystal is thus inverted. A parallel-wired
parallel] stretching circuit acts in a similar
way to the series circuit in Fig.12. The
circuit is relatively complicated, even if
some components are combined (C, and
G, or Gy and Cy). Although this is a
solution which satisfies the purists, the
circuit is nevertheless very seldom used.
So the calculation formulae for it will be
omitted.

It is frequently sufficient to allow the
current in a series circuit to flow through a
resistance so as to obtain something like a
parallel resonance. This frequently hap-
pens with uncompensated crystals which
are under capacity load. We have a further
example in Fig.18.

7.
APPLICATIONS

There are a great many circuits for crystal
oscillators in the literature. There is no

680 330

==5p6

1

330
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space here to describe or evaluate them.
I shall therefore limit myself to three
specimen circuits, which are particularly
good illustrations of the above remarks.
All three use compensated crystals. To
complete the picture, it should be ex-
plained that, in addition to a parallel coil,
such compensation can also be provided
by a capacity equal to C, which is
powered by a counter-phase voltage. You
need amplifiers with a counter-phase out-
put or with a differential input, and
solutions using differential transformers
and bridge circuits are also conceivable. In
any case, increasing attention must be paid
to this problem as the frequency rises.

The next question is whether the crystal
housing should be connected somewhere.
The capacities between it and the elec-
trodes are not negligible. Earthing is a
good solution when one electrode is
already earthed anyway or when the two
are connected through earthed capacitors.
If you decide not to comnect up the
housing, any foreseeable earth contact
must also be avoided. An intermittent
contact between the crystal housing and
the earth surface of the printed circuit
board can cause unattractive effects.

The circuit in Fig.14a is a crystal-stabilised
phase circuit for a quadrature demodulator.
This type of FM demodulation appeared
on the scene with integrated circuits and
requires a parallel resonance for two
reasons. The circuit is powered from a

Fig.14:
— Crystal-Stabilised Parallel
Resonance Circuit for use
Tspe in an FM Quadrature
Demodulator
° (a) Asymmetrical, NE604
DBurchard ) svmmetrical, TDA1576
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Fig.15: Fundamental Crystal Parallel
Resonance generated in a
circuit as per Fig.14,

Y: linear, 0 line superimposed
X: 10 kHz/div, average
frequency 24040.4 MHz

scurce which can mnot be subjected to
whatever load you wish, and the input of
the phase monitor requires a sufficiently
high voltage. A circuit in series resonance
would provide the same phase displace-
ment in itself, but is ruled out for the
reasons specitied above. Naturally, there
are many types of circuit which are alse in
operation somewhere. The circuit shown
here is a “‘precise’’ solution to the prob-
lem.

The crystal compensated with L1 is taken
to a sufficiently high band width, using a
fixed resistance. This serics resonance is

2xBB4LOS

z
L 100k 100K
up

0.Burchard
Fig.16: Circuit of a Crystal Series
Resonance which can be
electronically stretched

Fig.17: Operation of Fig.16 circuit
Y: 5dB/div, 1002 line
superimposed
X: 5 kHuz/div, average
frequency 24053 MHz

converted into a parallel resonance at 25
kHz using an impedance converter. There
is thus a hump interval of 25 kHz in the
quadrature demodulator and a useful linear
band width of app. 15 kHz. The resulting
parallel resonance can be measured using a
circuit as per Fig.l. Fig.15 shows the
measurement curve. An (inverred) second-
ary resonance can also be seen here, which
lies cutside the opefating range. Many
integrated guadrature demodulators need
an asymmetrical structure. The part circuit
shown in section a of Fig.14 is to be used
in this case. Others, such as the well-
known TDA 1576, require a symmetrical
circuit, as represented by the part circuit in
scetion b. The average frequency coincides
with the series rescnance frequency of the
crystal. In practise, the two coils are tuned
in such a way that the average frequency
can be changed to a slight degree using L2
{(but exceeding the tolerance of the crystaf),
whilst L1 ensures the linearity alignment.

The circuit in Fig.16 shows a resonator
which, although crystal-stabilised, can still
173
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11,124 30 Wdg. /03 Cul.
F10b Neosid

have its frequency varied to the extent of
+ 500 ppm. It is used, for instance, in an
oscillator which has to be ‘‘connected’’ to
a considerably more precise standard fre-
quency, or for fractional detuning, in a
system which is otherwise digitally oper-
ated and does not allow for sufficiently
fine frequency steps.

The inductivity, L1, compensates the
crystal, the 10k resistance dampens
unwanted serial resonances, L2 and the
capacitance diodes form the stretching
circuit. The impedance curve can be
measured at output Z as per Fig.17. For

Fig.19: Modulation quality of Fig.18
circuit

Y1: 10 kHz Dipersion/div
Y2: 50% AM/div, zero line of
rectifier superimposed

X: 0.5ms/div
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+36V/08mA Fig_ls;

FM Oscillator circuit,
Frequency 24053 MHz,
Dispersion * 12.5 kHz

this option, a DC voltage was fed into Up,
and a square-wave AC voltage was then
superimposed on it for maximum fre-
quency variation. During the exposure
time, the square-wave voltage was slowly
turned down to zero. The almost symmetri-
cal detuning and the very high constancy
of the resonance resistance can be recog-
nised. The latter is naturally higher than
that for the crystal alone, as is shown by a
comparison with the 100Q line, because
the loss resistance of the stretching circuit
is added. The resonance curve itself is
markedly asymmetrical. The reason for
this is that the capacity curve of the
C-diodes plotted against the voltage does
not match equation (5). It is not hyperbolic,
but is more in accordance with the
equation C = C, (U + Up)™; Uy, is about
0.6V and m is between 0.3 and 0.7,
depending on the manufacturing process.
The non-linearity of the frequency varia-
tion, restricted in this way, can be almost
compensated for by slightly detuning L1.
Of course, the C, compensation of the
crystal is no longer correct. So in practise
the linearity is set using L1 and the average
frequency desired is set through L2.

The third circuit, Fig.18, represents the
oscillator circuit of an FM transmitter,
which was developed for scientific pur-
poses. After quadrupling, it supplies wide-
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I 1 Fig.20:
Freq. P Simple Crystal
counter . .
mhm LIJ measurement circuit

,—
Standard
signal

FM-Mad

Attcnua[ors 5-15dB,50Q
Fune.
lgen.
© Burchard

and FM over the standard radic range.
Here the series resonance of the crystal is
converted into a parallel resonance vsing
an input capacitance, making the average
frequency 12.5 kHz higher. In other
respects, the circuit is largely the same as
the one in Fig.16. However, the sequence
of the components in the oscillation circuit
is slightly altered, and a modulation input
and a 30Q output are created using a
transistor.

The question of earthing the crystal hous-
ing arises again here. The author decided

Fig.21:

Screen Photo: Crystal
Measurement using Fig.20
circuit and hand-written
special scale

Y: 0., =€, 00 superimposed
X: 2 kHz/div

in favour of insulation and for safety
reasons covered the crystal with a heat-
shrinkable tube before assembly. Fig.19
testifies to the good quality of the modula-
tion. According to the oscillator, the
synchronous amplitude modulation frac-
tion is only 15%, and largely disappears in
the two subsequent doubler stages. The
frequency modulation is noticeably linear,
although the modulating voltage uses
almost the entire operating voltage range.
Here again, the precise frequency is set
using L1 and the linearity is set using L2.

8.
IT IS EVEN SIMPLER TO
MEASURE THE CRYSTAL

It should be remembered that a crystal with
a series capacity, C; has thc same serics
resonance as the same crystal in parallel
resonance with a2 parallel capacity where
Cp = C,. So if the parallel rcsonance can
also be measured as a series resonance,
there is no longer any need for a measure-
ment circuit as per Fig.l, suitable for
measurements even in the kQ range. Thus
a considerably simplified circuit, as per
Fig 20, is conceivable.
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Here the crystal is mounted between two
attenuators, which are there to ensure that
the generator and amplifier see constant
system resistances. Where the crystal is
mounted, the impedance is 25Q. The
amplifier can consist of a wideband gain
block. It is intended to compensate for the
losses in the attenuators and simultane-
ously to add so much amplification that a
simple rectifier can supply enough output
voltage for an oscilloscope. The type of
rectification and the curvature of the
characteristic lines are of no importance.
They are ““calibrated into’’ the display on
the oscilloscope. Only the same adjust-
ment range (V/div.) must always be
selected there.

The “‘calibration’” is done with a felt-tip
pen on an overhead film in front of the
screen. The zero line is set on the
oscilloscope without any generator volt-
age. The generator voltage is then turned
up until the amplifier is well modulated but
still in the linear range. Both the lines
visible on the screen are marked, one as
0Q, the other as «<Q. If we now switch in
resistances of 10, 20 and 50 one after the
other up to 500Q, we obtain a calibrated Y
scale. Intermediate values are estimated
later or determined by means of substitu-
tion.

The procedure for measuring the reso-
nance of any crystal is as follows:

— Set the approximate frequency

— Set the zero line without generator
voltage

— Increase generator voltage until the
line is reached

= Insert crystal and a short-circuit in-
stead of C,

— Trim generator frequency to princi-
pal resonance
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— Insert compensation coil and adjust
to best symmetry

= Keep the resonance in the middle

of the screen and read off the

series resonance frequency on the

meter

Read off the resonance resistance

Insert known stretching capacitor,

CS

— Bring resonance to middle of
screen again, read off the fre-
quency and calculate the stretching
frequency

1l

The process is illustrated in Fig.21. The
“‘graduations’’ in Ohms can be vaguely
recognised in front of the screen, and a 0Q
line is also superimposed. The line is
reached outside the resonance to be meas-
ured. During the exposure, the previously
short-circuited 5pF stretching capacitor is
switched in, and the resonance jumps from
the middle of the screen to a value app. 5
kHz higher. The resonance resistance of
app. 65Q remains constant while this is
happening, because of the compensation.
This picture was taken with the specimen
crystal on the fifth overtone.

Two defects in the image in Fig.21 require
some explanation. An additional resonance
can be seen very faintly at +7 kHz. This
arises while the stretching capacitor is
being reversed due to the switching capac-
ity. Then a pronounced split can be seen in
the curve between the scanning and the
return passes. This is due to the increased
recording speed. In order to ensure a
certain basic brightness for the screen, so
that the scale could be seen on the film, the
X voltage was selected to be ten times as
high as was necessary. So for 90% of the
time the electron radiation falls on the
glass wall of the valves and generates
secondary electrons there. These reach the
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screen and generate a diffuse brightening.

The equivalent data are calculated using
somewhat re-modelled versions of the
formulae already given above:

2-C- Af
CXO - 2C zC (7)

fxO

1

L)(O =
f)(0 : CzC ' Asz

(&)

8- 72 .

The spurious emissions interval is ob-
tained by measuring the resonance resist-
ances of the spurious emissions and
converting them into dB:

R,,
NWA/dB =20 log —~
x0

9

It should be mentioned here that this type

of crystal measurement is not according to
standard (DIN 45105), but against this is
considerably simpler. No special measur-
ing head is required, no compensation
branch and no phase meter. I see & further
advantage in the fact that the capacities C,,
and C;y can be taken into account in
unambiguous manner by the single-ended
crystal. If the housing is earthed, C; is
parallel to C, and C,; is short-circuited.
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GuntherHofmann, DK2 TX

Programming the DSP Computer

This short article was inspired by the program, alot of effort has to be put into
recognition that the programming lan- understandingthe program well enough
guage for the SDP computer needs a lot  to put oneself in a position to be able to
of getting used to. Moreover, due to the make amendments to it, let alone write
decided scarcity of literature on the DSP  such programs oneself.

-— Check and Change Memory CCMEM - e B

>
The program CCMEM is used to list and change the contents>

of data areas of the DSP computer. >
o
- The program is started by the command R CCHEM. >

* First CCMEM asks for the start address.
~ Type the start address (6 hexa characters max) followed>

by a ‘CR’.

If you have typed an odd address, CCMEM takes the fxrst)

even address below the input one. >
* Now you are asked to type the end address. >

[

Type the last address of the memory area to be listed >
(6 hexa characters max.) followed by a ‘CR’.

If you have typed an odd address, CCMEM takes the first>
even address below the input one.

If the ‘End address’ is less than the ‘Start address’
an error message will be printed and CCMEM will
terminate.

After the second input the desired memory area will be >
listed on the screen from the started address up to the>

VVvyv

»

*

-t

end address.
When the last address is output, CCMEM is waiting for >
further inputs:

>

>

:CCMEM shows the contents of the current address>

minus 2 (which is the previous address).

- ’‘blank’:CCMEM shows the contents of the next even
address (which is the current address plus 2).

/CR’ :CCMEM terminates.

- ‘4 character hexa number’: CCMEM replaces the contents

of the current address by the new hexa number.

common behaviour on memory content’s inputs:

- CCMEM ignores non hexa characters in memory content’s
inputs.

- If less than 4 characters are input, the number is
interpreted ’right hand justified’ e.g. 200 means 0200
- If more than 4 characters are input, only the last 4
ones are taken.

This behaviour can be used to correct erroneocus inputs
just by repeating the last 4 characters.

Example:

Note: {CR} means ’carriage return’

{BLK} wmeans ‘blank

*hk means comment

R CCMEM{CR}

Start addr: 200000{CR} *x» Input of start addr
End addr: 200004 {CR} *%% Input of end addr
200000 AA46 +*+ Output of listing
200002 4654

200004 2020 34141{BLK} #*+ Input of new contents>

200006 2020~ **%* List previous address> I?i 1.
200004 4141{CR} *x* List new contents > g 2

- **x CCMEM has terminated i CCMEM Utilityprogram
178
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<aardh YTIMY - RTTY AFSK Asynchronous RX/TX - 031/12/199G ##4ia>
cHarbakdueh pdditional Comments by DK2TX 17/04/92 *weswisinss

S TR Common Constants --—---==~--—-w——-——- >
312763#65536=npT <Value to force integer calculation >
-15d=pi <For filter coefficients computing >
4600=1frs <Sample frequency >
i Initialisation of uPD71054 for a frs = 9.6 kidz —-~-~- >
§<13FC 0016 0002 d40Q7> <move.b F516,524007; 71054 conirel >
£<13PC 0010 0002 4001> <move.b §$10,524801; A/D Sampling >
&<13FC 0096 0002 4007> <move.b F#$96,524007; 71054 contrel >
§<13FC 0010 0002 4005> <pmove.b #$10,%24005; D/A Sampling >
€ e Values to generate the CODEC lockup table -=----- >
<The coding of the CODEC Data is as follows: >
<inv: iaverted >
F L e e Al fmmm——— fomem—— 4+ >
< Mantissa Exponent Sign »
< | inv | | iav | inv | | inv >
< 1LSB ===mmmme- } M5B >
< + + + t + >
Sicha(7) <CODEC cherd values >
o=cho(5) 16.5=cho(l) 33=che(7) &5=cho(3}

132=cho(4) 264=cho(0) 528=cho(6) 1056=cha(2)

$:ste(7) <CODEC steps >
1=ste(5) 1=ste(l) 2=ste(?) 4=ste(l} B=ste(4] 16=ste(D)
32=ste(6) 6G4~ste(2)

$:nat(15) <CODEC step numbers >

0=nst{10) l=nst(2) 2=nst(14) 3=nst{€} 4=nst(3} 5=nst(0)
§=nst{12) 7=nst(4} $=nst(ll) 9=nst(1} 10=nsT(1S} 1l=nst(7)
12=nst{9) 13=nst(1) 14=nst(13} LS=nst(5}

€ ammmm———— BAUDOT to ASCII conversion table -—----------- >

$:t{1,31) <Lower casefupper case >

0=t(0,0) O0=t(1,0) 69=t{0,1) Bi=t{1,1} <NIL,NIL, E, 3>

10=t(0,2) 1i0=t(1,2) 65=t(0,3) 45=t(1,3) < LE, LF, &, =>

32=c(0,4) 32=t(1,4) 83I=t(0,5) 42=t(1,5) € G 8 ¥

73=t(0,6) S56=t(1,6) B85=t(0,7) 55=t(1,7) < I, 3,0, 7

13=t(0,8) 13=t(1,B) 68=t{D,9) 36=t(1,9} < CR, CR, D, $>

82=£(0,10) 52=t(1,10) T4=t(0,11) 38=t({L,1}) © R, A, J; >

75=t(0,12) 44=t(1,12) 70=t(0,13) 33=t(i, i3] < W, ,,F >

E7=t(0,14) 5B=t(1,14) 75=t(0,15) 40=t(1,15) < ¢, i, K (>

84=t(0,16) 53=t(1,16) 90=t(0,17) 34=t{1,17) < T, 5, % ™

76=t(0,18) 41=t(1,18) 87=t(0,19) 50=t{1,19) < L, )}, R 2>

72=t (0,20} 35~t(1,20) 89=t(0,21) S4=t|1,21) < K, # ¥ 6

80=t(0,22) 48=t(1,22) 81=t(0,23) 42=t(1,23) < P, 0,0, 1>

79=t(0,24) 57=t(1,24) 66=t(0,25) 63=t{1,25) < =, 9, B, M

71=£{0,26) 38st(1,26) 2=t(0,27) 2=t(1,27) < G, &, ST, STX> F!g_Za:

77=t(0,28) 46wt (1,26) 8=t (0,29) 47=(1,29) < M, . X, >

B6=t(0,30) 59=t(1,30) 1=t(0,31) 1=t(1,31) < v,;,508, 500> Extracts from RTTY.src
& SRR Stored options table & file name table -=n~w-w--= > program with comments

The CCMEM programmakes it possible to  familiar with the syntax will perhaps start
list memory areas by entering the startand  with the analysis of existing programs.
end addresses, and to amend them simply ~ However, there is very little literature
(Fig.1). This has proved to be of great dealing with existing programs. This is
practical benefit, forexample, in lookingat ~ why [ have provided the RTTY.SRC
the field surrounding a problem triggering  program from YT3MV with more exten-
an error message and correcting errors  sive comments (Fig.2). With these com-
rapidly without amending the source lan- ments, the structure and format of the
guage. program can be reconstructed.

Those wishing te write programs for the
DSP computer themselves and not all that
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#443 < Command 20 and invalid numbers >
nva-20.5$3+400 <==} Invalld option number >
$n$b$i=sfor < Set new number of columns >
$j400 <==} Back to main menue >
7410
< = == Subroutine for file name output = == >
O0=nch <Number of first char. (loop cntr.)} >
411 <Loop for prefix output >
f(nva,nch) $w <Output of one letter of the prefix >
nch+l=nch <Increment character number >
nch-11.5$j-411 <==} Handle next character >
$<.> <’.’ between prefix and suffix >
#4212 <Leop for suffix output >
finva,rch)$w <Output of one letter of the suffix >
nch+1l=nch <Increment character number >
nch-14.5%j-~412 <==} Handle next character >
$r <=} Return from subroutine 410 >
#450
< = Subroutine to find TX file and to get address & length = >
$:name(2) <Buffer for file name with 24 char. >
name (0) &<200A DOBC 7200>=name <Get address of name(0) >
<move.l A2,D0; Var. offset addr. >
<add.l A4,D0, Var. base address >
<moveq  #0,D1; Reset buffer index >
0=nch <Character number (loop counter) >
#451 <Loop for file name transfer >
£(0,nch) +npr&<2£00> <Read one character from ’f(0,nch)’ >
<move.l D0,D7; Save the character >
name&<2040 1187 1000 5241>=name <Shift it to buffer ‘name’ >
<move.l DO,A0; Get buffer address >
<wove.b D7,0(A0,D1.W); Store char. >
<addq.w #1,D1; Increment index >
nch+i=nch <Increment char number (loop cntr) >
nch-14.5%$3-451 <==} Character transfer loop >
name&<2040 4E49>=len <move.l DO,A0; Get name buffer addr>
<trap #9; Search file >
&<2009>=add <move.l Al,D0; Save file address >
$r <=} Return from subroutine 450 >
#500
< ========—===== RTTY Receiver/Transmitter s==—sr——=——= >
&<4E45> <trap #5; Reset keyboard >
-1=mfl <Initial state: Recording off >
$:chb(999) <Receiver character buffer >
999, 2=chl=ch2 <Reset RX buffer pointers >
$:txb(222) <Transmitter character buffer >
222.2=tx1=tx2 <Reset TX buffer pointers >
-1=tuf <Switch off tuning indicator >
$2100 <=} Xnitialize RTTY receiver >
~1=tx{ <Mark transmitter state as ‘off’ >
=1=f£f1 <Mark file output as off > F|g2b:
444=blp <On/off time for cursor blinking >
£505 Extracts from RTTY .src
e Clear screen & print header =~===w=-=---—--- > program w|th comments
Part 4b: VHF Communications, 4/89
LITERATURE (2) Matjaz Vidmar, YT3MV; Rapid
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EMC - and its CohsequenCes

High-frequency equipment plays such a
large part in modern electronics that it
has to be dealt with in accordance with
the well-known design principles of HF
technology. Nowadays, standard flip-
flops can already divide 100 MHz and
the ensuing maximum noise zone is
quiteremarkable.

|
INTRODUCTION

In practise, the requirement for electro-
magnetic compatibility (EMC) means that
however reasonably any piece of electrical
or electronic equipment is designed, it is
bound to need shiclding and screeming.
Neither the intemal signal flow within the
equipment nor the external serviceability
should be altered or impaired te achieve
this - frequently 4 puzzle which simply has
no solution.

Apart from the power electronics, the
biggest problems are probably receiver-
computer links and circuit power supplies.

One or two of you have undoubtedly had
experience of this yourselves.

Until now, most electronics specialists
have had no understanding of the need for
EMC measures. And we already have
video applications operating at clock fre-
quencies of anything up to 250 MHz!

Unfortunately, the manufacturers of these
interfering transmitters, to which ring
mixers can casily become connected, are
scarcely in a position, or are scarcely
willing, to understand the problems of
perturbing radiation. On the other hand, a
considerable increase in radic communica-
tion can be observed. In many cases, these
radio cotnections actually have only be-
come possible due to assistance from
digital technology. Forward-thinking peo-
ple are already talking of an age of
communication. The astonishing progress
in digital technology, for one thing, and the
increasing requircment for undisturbed
frequencies. for another, are generating a
greatly expanding number of unsolved
problems. Solving them will need compe-
tent specialists who understand both tech-
nelogies and who can therefore act as
consultants.
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And with regard to the European unit, even
standards of this nature lay down require-
ments which it should actually have long
ago been possible to adhere to, or even to
improve on. For experience teaches us that
adherence to standards in no way guaran-
tees the operability of equipment. Radio
amateurs should be aware of that from the
example of the beam strength of TV
receivers.

The solution recommended by the relevant
suppliers of EMC measuring equipment is
the creation of a complete EMC measure-
ment shed, which is big enough to take a
car. On the other side are the purchasers
from the companies affected, who lay great
emphasis on being able to measure their
products according to the standards, but
also economically. Of course, no-one

=L Feed- _
T through °

=T ==
es T T

T T

no E

/ N
T 4:T
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Fig.1: Diagrams for a feed-through

capacitor
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spares a thought for whether the technician
in question can acquire the signal on site in
accordance with the standard and make it

- available to the measuring equipment. It is

naturally assumed that this technician has
already worked through mountains of
VDE guidelines, Ministerial decrees and
EMC literature.

Even if we accept that EMC measurement
gives us real facts and data to place on the
table, that’s still a long way from saying
that the development specialists can draw
the appropriate conclusions from them and
can grasp suitable corrective measures.

Up until now, it has simply been awareness
of the EMC problem which was lacking,
and with it the readiness and the will to
consider the EMC aspect of a development
at all stages. The route taken up until now -
testing a finished product and then making
modifications to it, is simply unacceptable.

This can be demonstrated by numerous
examples on the basis of which housings
or which components a wholesaler has in
stock, or on the fact that certain compo-
nents relevant to EMC may admittedly
only cost a few pence, but nevertheless are
available only from specialist amateur
radio equipment dealers.

EMC is the problem of all those who are
involved with electronics or radio technol-
ogy in any way. So radio amateurs should
also be active in this area. In the end, we
are talking about frequency ranges which
will otherwise be made unusable.

EMC is a very complicated and far-
ranging topic and it would be easy to write
several books about it. There has been very
little really helpful literature so far. I might
mention Durcansky’s book (1) and some
work of my own on measuring equipment,
aerials and general principles (2).
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Let’s stick to practical tips for experimen-
tal work. No doubt some points will
already be familiar. Others are so simple
and effective that thcy might at first be
overlooked.

2,
THE FEED-THROUGH
CAPACITOR

it has already become established on safety
grounds that high-frequency sub-assem-
blies should be screened and voltages
supplied through feed-through capacitors
(FTC’s). It is hoped that unwanted irradia-
tion and transmissions can thus be sup-
pressed.

What is actually gained by doing this?

In principle, a feed-through capacitor is
part of a low pass, which it is advantageous
to supplement by resistances and induct-
ances, whether to the half-section or the
T-network. Various options are shown in
Fig.1 vsing different equivalent circuit
diagrams. Without these additions, the
mode of operation is poorly defined. The
simplest equipment to use consists of
resistances which lead to limiting frequen-
cies in the low-frequency range and can
easily be de-coupled. Chokes should be
provided on power supply lines due to the
voltage drop. It should be borpe in mind
that the low pass 1s not complete without
an additional resistance. The coil resist-
ance of the choke can alsc serve as a
resistanice. The combination of R and L
establishes the filter characteristic. The
formula for a Butterworth RLC half-
section is as follows:

+U
| W
L2
Spa
—_— 500
Fig.2: Measurement of interference
levels from circuits
L1 = choke 10 ... 100uH
L2 = air-spaced choke 1nH
V2 1.
R=——; L=——with @ =2-1- f3p
oC ®*C

For ready-made chokes, the ohmic resist-
ance is often specified. This should be
somewhere near the calculated value, so as
not to restrict the low pass in its function.
The additional components are arranged
inside and outside in the immediate vicin-
ity of the feed-through capacitor, using
short leads. Now anyone might maintain
that filters in end stages manage withont
resistances. However, this is incorrect,
since these filters do not become a low
pass until a correct termination is provided
(e.g. 50 impedance).

3
INTERFERENCE ON POWER
SUPPLY LINES

In principle, high-frequency radiations are
difficult to detect and usually require free
field measurements using extensive meas-
uring equipment. It is simpler to investi-
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0dBm g 2
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a
-35 = b
I
N < a d
=35 b c
- d
13
1
-80 dBm P ¢
d d
Fig.3: Measurement as per Fig.2 on an Oscillator Module

(a) Original condition of circuit

(c) Position as for (b) but decoupling
through 1nF feed-through capacitor

Arrow shows Television channel-30

gate individual circuits of a piece of
equipment, for as long as a signal is linked
to a circuit it can be measured in a defined
way. For example, a measurement can
show what power is generated by a signal
linked at 50€Q2.

Fig.2 shows a simple test rig. A power
supply line is fed into a sheet-metal
housing, the propagation of the high
frequency to the exterior is prevented by
filter choke, and the power emitted is fed
through a coaxial cable to the spectrum
analyser. An important factor here is a
short and unambiguous earthing system for
the coaxial cable, fitted directly to the
lead-in wire. An additional coupling ca-
pacitor is superfluous, since most measur-
ing equipment has AC coupling.
Measurement of the high-frequency cur-
rent, using a suitable current clip, is also
normal in the frequency range up to a few
decades of MHz. This is especially true for
184

(b) Connection pin placed on earth side
(d) Additional 1uH choke in housing

circuits which are at a high potential, such
as power supply lines. So that a defined
current can flow, a clever terminal resist-
ance is mounted at the end of the line to be
investigated, consisting of a set of hinged
ring cores, damping in the closed condition
(absorption current clip).

The relevant standards lay down a limit of
30 MHz. Below this limit, we are assumed
to be dealing with signals from circuits,
with radiation appearing only above it.

4.
PRACTICAL EXAMPLE OF
SHIELDING

Unfortunately, EMC is an unknown term,
even for many serious suppliers of assem-
blies and equipment. What other explana-
tion could there be for the neglect in this
area?
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Here’s an example.

I took a ready-to-operate 13cm osciflator
module, ready to hand from my stock. The
assembly was powered at operating volt-
age in accordance with Fig.2, and simulta-
neously measurements were carried out at
the mains connection. The resuit can be
seen in Fig3 - a latticework fence of
signals (a) of varying intensity! The level
on the power supply line was so high that
you could almoest have powered a mixer
from it. This ¢ondition is caused by the
design, since the power supply connection
is right next o the signal outputs. The
fairly uniform spectrum marked as (b) was
measured on the “‘cold side” of the board
when the assembling bolt had been placed
on the other side. The high level raises the
possibility that the entire assembly is
“‘hot””. Spectrum (¢} shows the behaviour
after the incorporatior: of a feed-through
capacitor - high frequencies are compara-
tively better dampened because the induc-
fivity of the feed wires becomes notice-
able. With an additional choke, only three
very strongly dampened lines (d) remain
visible.

The limiting values applying to interfer-
ence from circuifs vary with the type of
equipment and licensing, particularly with
regard to high-frequency inputs and out-
puts. Average values are dectermined so
that the admissibility of the level can be
estimated. Here they are -55dBm up to
1 GHz and -35dBm above that. The

@

question remains what Jevel of inferference
would continue to penetrate to the outside
world once the assembly was integrated
into a piece of equipment. In any case, in
recognition of the assembly’s encrmous
interference level, an FTC and a choke
should be incorporated as simple but
effective EMC measurcs. Among other
things, there is spurious radiation at a high
level of 544 MHz, i.e. precisely in televi-
ston channel 30. This can naturally cause a
lot of unnecessary irritation.

Thus the thesis is also disproved that
overtones from radio amateurs’ operations
always “‘come home”’, that is onto ama-
tenr radio bands.

Of course, a screening box for such an
assembly must be soldered up on all sides,
so that the box can be prevented from
acting like a slot antenna and emitting
unwanted radiation.

5.
VARIOUS LOGIC FAMILIES

There arc a large number of logic familics
in which every member is a strong source
of inferfcrence. It's not so bad with the
standard CMOS 4000 and 74C00 ranges.
Modern logic families obtain a large part
of the operating speed because they trans-
fer smaller input capacitances, but the total

took n A 100 *U
— -
100N I l J_+
Se Test-IC 5V
100k I I
+6dBm L Fig.4:
2.5V Spa Interference measurement
? 53 .
a7 < -20dBm at Input of Digital Modules
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0 250MHz

S00MHz Fig.s:

12dBm 3

Measurement as per Fig.4

on two Gates at 60 MHz

Dots: 74HC00

Circles: 74HC04U

|

-68 dBm

interference occurring is greater. Printed
circuit boards with digital circuits, like
motherboards for PC’s, belong in an
HF-proof sheet-metal housing. Of course
the computer companies who use proces-
sor clock frequencies in advertising and
display them on the PC screen don’t want
to know about this.

Standard transistor-transistor-logic (TTL)
modules, the modemn 74S, 74LS, 74ALS,
74F ranges and the MOS equivalent types
74HCT and 74ACT should be avoided as
far as possible. If speed of operation is
required, all that’s left is the 74HC range,
plus (with reservations) the ‘‘harder’
74AC version. There are two important
reasons for this. Firstly, HC modules
operate at power supply voltages of 2 Volts
and upwards, which makes for outstanding

characteristics. The speed of operation
increases only moderately. The high-
frequency interference dispersion, by con-
trast, is strongly reduced. The second
reason is that shielding measures fre-
quently reduce the digital signal deviation.
However, the subsequent gates cope with
this without any alteration, whilst with
TTL gates it can lead to problems, since
their switching threshold is critical.

Experience teaches us that, with a power
supply voltage of 5V, any models from the
74LS, 74HCT and 74HC ranges can be
mixed together, so that it is possible to
clean up existing circuits.

At the moment, components in processors
are still operating at 5 Volts, but a 3.3V
standard is already being drawn up. Thus
the trend is actually towards lower volt-

12480 6 250MHz 500MHz
9
L o fo)
? 1ol 9 ? o
l i NIl | i N

Fig.6:
Measurement as per Fig.4

-68 dBm on a 74HC4040 Divider
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ages, which is a consequence, among other
things, of the enormous power consump-
tion of lap-top computers to date.

The module outputs are very unclean, as
might be expected, but what about the
inputs? HC-MOS standard dividers are at
the forefront, because of their high-resist-
ance inputs. Fig.4 shows a suitable test rig.
A signal of +6dBm is applied at the IC
input through a standard signal generator,
which creates a voltage dispersion of about
2.5Vss. The signal is sufficient to switch
the IC cleanly and yet still low enough to
generate o saturation and thus no addi-
tional overtones. A spectrurn analyser is
connccted in parallel to the generator
through a high-resistance voltage divider.

With this kind of measurement, clean
de-coupling from the power supply voltage
is important. This can best be obtained
through an additional resistance i the
power supply line. Unfortunately, the
current consumption fluctuates very
widely, depending on the operating fre-
quency, so that the power supply has to be
re-adjusted. The maximum power supply
voltage must under no circumstances be
exceeded when the generator is switched
off.

Fig.5 shows the measurement result for
two gates, one buffered (74HC00) and one
unbuffercd (74HC04U). The differences
are plain to see. The input level of the IC
can be calculated through the damping

+39

100k
LA RY)

Prsc

le—— V< -100dB

74HCOO ’°“PI

V=460dB ————»

74HCOQ lc lc

1k L 1k

Fig.7:

Digital Transmission using Feed-
through Capacitors and Coaxial Cables
(100pF/m, e.g. RG58 or RG174; with
C=100pF and L=1m

Delay 6.2 to 0.3ps, DC up to 5 MHz

+5
74HCO0 é] 00
1
D5 j [ %100
Fig.7:

Digital Transmission using Coaxial
Plugs and Sockets and Cables
1¢m RG58: DC up to 70 MHz
50m RG58: DC up to 25 MHz

factor of the divider. The diagram has been
scaled accordingly. Opinions may be di-
vided as to whether the value of *“12dBm’™’
is correct for the generator at no-load. But
for the interference level the scale is
certainly correct, since precisety this value
is generated at the internal resistance of the
generator. In any case, it is clear that even
the interference signals from the gate
inputs, judged by the criteria of communi-
cations technology, are at very high levels!

Fig.9:

Transmission between
sutb-assemblies using the
example of a Pre-divider
Specifications at IMHz
Operating range 30 kHz to
10 MHz

100
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Fig.6 shows the measurement result for a
74HC4040 divider. Here the sub-harmon-
ics are especially striking, especially the
frequency divided by 2. Both the module’s
internal functioning and its pin grouping
may contribute to this. The data book gives
input capacitances of a few pF, so they are
not earthed at all but are, in the worst case,
wired directly to the output of the module.

6. .
DIGITAL SIGNAL
TRANSMISSION

Digital system interfaces are a significant
source of interference. With suitable
screening measures, the interference level
can be considerably reduced. In addition to
the use of *“digital plugs’” with built-in low
passes, something like D-plugs, something
can be achieved using ferrite components
and little tricks. Thus flat cables can be
made 1m longer and coiled into air-core
coils. Even better are shielded round
cables with well-defined earthing systems
on both plugs.

Serial interfaces are preferable, since here
the screening measures can be concen-
trated on a few conductors and the
transmission rate can be set to reduce
interference if necessary. Moreover, the
step to fibre optic transmission is simpler

7188

with serial interfaces. This may be neces-
sary both for interference suppression and
for de-coupling (e.g. in the medical field).

It is not always necessary to use expensive
plugs to ensure clean, low-radiation trans-
fer. Feed-through capacitors will suffice as
well.

Fig.7 shows a possible circuit for low-
frequency digital signals. In this case, the
cable can be comprehended as a capacity
which is switched in parallel to the
feed-through capacitors. The resistances
and the screen earthing should be con-
nected in close vicinity to the lead-in wire.
This simple circuit produces running times
which are worth taking into account. The
circuit shown in Fig.8 is suitable for faster
digital signals. The cable is terminated in
its own impedance on both sides without
any displacement of the switching
threshold on the receiver side. With longer
cables, the cable damping becomes notice-
able, which means that the subsequent gate
no longer has precise advance control.
Should the driving gate be over-loaded at
100, several gates from the same housing
can be wired up in parallel.

Fig.9 shows a further example. Here a
UHF pre-divider is linked to a digital
section (PLL module). The oscillator and
the pre-divider are in a joint housing, with
the digital section in a separate housing of
its own.

(To be continued)
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Pseudomorphic HEMT GaAsFET Amplifier

Camtech’s LNA200I masthead amplifier uses the very latest Psendomorphic HEMT
technology to give an outstanding performance. The design incorporates an ultra low
noise (0.17 dB noise figure) PHEMT GaAsFET followed by a micro strip bandpass
filter and MMIC amplifier. The amplifier is also designed to meet environmental
protection to [P65 in accordance with DIN4Q050. Three models are available:

Frequency 890 - 950 MHz (American market)
1240 - 1320 MHz (23/24cm band)
1500 - 1600 MHz (Inmarsatand GPS)#

Gain 24dB nominal

Composite noise figure 0.7dB

Supply voltage 12V DC @ 50ma *

Connections 50 *N’ female sockets

Size Hx W x L 37 x 58 x 65mm excluding connectors

* DC power feed via coaxial cable, other supply voltages to order (6V DC min)
Price £110.50 + £3.00 postage and VAT @ 17.5% (# Inmarsat/GPS POA)
Credit cards facilities available. Phone or mait to:

CAMTECHELECTRONICS, 21 GOLDINGS CLOSE HAVERHILL,
SUFFOLK, CBY 0EQ, UK. Tel: 0440 62779; Fax: 0440714147

KM puBLlCATlONS Telephone 0788 890365

5 Ware Orchard * Barby * Nr.Rugby iR BB
CV23 8UF " U.K. Mobhile: 0860 857434
[UHF COMPENDIUM, Pts.l1&2and3&4.....ccomniiiiinnnn each wun £24.50
K.L.Weiner DISHO ... the pair..... £40.00
AN INTRODUCTIONTO AMATEUR TELEVISION ... ... £ 5.00
Mike Wooding G6IQM & Trevor Brown G8CIS
SLOW SCAN TELEVISIONEXPLAINED ... e, £ 5.00
Mike Wooding G6IQM
[TV SECRETS Volume I ...oooiiiiiccicece e rocreeeinenns £17.95
Henry Ruh KB9FO, ATVQ magazing
THE ATV COMPENDIUM ..cccicioinnmnnmsssssisismimsismsnmsns sz £ 3.50
Mike Wooding G6IQM
ATVQ MAGAZINE ..ottt perissue... £ 3.50
annual subscription inc. surface postage ..... £17.50
P&P please add £1.00 for U.K., £2.50 for Overseas surface, £7.50 for Air Mail
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ESTEP

HRPT System
Noise-free digital HRPT transmissions from NOAA. with a ground resolution of just 1.1km. allow
images to be received in incredible clarity. Rivers. lakes. mountains. cities and even small towns can be
seen on good days. Fishermen will appreciate the increased resolution of sea surface temperatures.

Image processing. including variable and histogram contrast equalisation combined with full colour
editing, gives the best possible results from any image. Colour enhancement allows sea surface
temperature and land details to stand out in high contrast. Any number of colour palettes can be saved
for future use. The sophisticated mouse-driven software allows all five bands to be saved and displayed
on nearly all VGA and SVGA cards right up to 1024 pixels. 768 lines and 256 colours.

Zoorm to greater than pixel level is available from both a mouse-driven zoom box or using a roaming
zoom that allows real time dynamic panning.

Sections of the image may be saved and converted to GIF images for easy exchange.

Latitude and longitude gridding combined with a mouse pointer readout of temperature will be available
late in 1991.

Tracking the satellite is easy and fun! Manual tracking is very simple as the pass is about 15 minutes
long. A tracking system is under development and expected by the end of 1991. A 4-foot dish and good
pre-amplifier are recommended. The Timestep Receiver is self-contained in an external case and
features multi-channel operation and a moving-coil S meter for precise signal strength measurement and
tracking. The data card is a Timestep design made under licence from John DuBois and Ed Murashie.

Complete systems are available. call or write for a colour brochure.
USA Amateur Dealer. Spectrum International. P.O. Box 1084. Concord. Massachusetts 01742, Tel: 508 263 2145

TIMESTEP WEATHER SYSTEMS
Wickhambrook Newmarket CB8 8QA England Tel: (0440) 820040 Fax: (0440) 820281
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VGASAT IV & MegaNOAA APT Systems

1024 x 768 x 256 Resolution and 3D
The Timestep Satellite System can receive images from Meteosat, GOES, GMS, NOAA, Meteor, Okean
and Feng Yun. Using an IBM PC-compatible computer enables the display of up to 1024 pixels, 768
lines and 256 simultanecus colours or grey shades depending on the graphic card fiited. We actively
support nearly all known VGA and SVGA cards. Extensive image processing includes realistic 3D
projection.

100 Frame Automatic Animation
Aniration of up to 100 full screen frames from GOES and Meteosat is buili in We call this “stand alone
animalion” as it automatically receives images, stores them and continuousty displays thern. Old images
are automatically deleted and updated with new images. The smooth animated images are completely
flicker-free. Once set in operation with a single mouse click, the program will always show the latest
animation sequence withoul any further operater action.

NOAA Gridding and Temperature Calibration
The innovative MegaNOAA program will take the whole pass ol an orbiling satellite and store the
complete data. Automatic gridding and a 'you are here’ function help image-interpretation on cloudy
winter days. Spectacular colour is built in for sunny summer days. Self-calibrating temperature readout
enables the mouse pointer to show longitude, latitude and temperature simultanecusly.

Equipment
Meteosat/Goes
7 1.0M dish antenna {UK oniy) O Yagi antenna
O Preamplifier O 20M microwave cable
O Meteosat/GOES receiver
0 VGASAT IV capture card
O Capture card/receiver cable
0 Dish feed (coffee tin type}

Polar/NOAA

1 Crossed dipole anterma

D Quadrifilar Helix antenna {late 1991) O Preamplifier
D 2 channel NOAA receiver 0 PROscan receiver

O Capture card/receiver cable

Call or write for further information.

£JSA Education Dealer. Fisher Stientific, Educatiorial Materials
Division 4901 W. LeMoyne Street. Chicage, 1L 60651,

Tel 1-800-621-4769

USA Amareur Deater. Spectrum International, P O, Box 1084,
Concard, Massachusetts 01742, Tel: 508 263 2145

TIMESTEP WEATHER SYSTEMS
Wickhambrook Newmarket CB8 8QA England Tel: (0440) 820040 Fax: (0440) 820281
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MATERIAL PRICE LIST OF EQUIPMENT

described in VHF COMMUNICATIONS

DBINV Digital Image-Store for the Spectrum Analyser Art.No. Ed. 4/1991

PCB DBINV 010 6477 DM 44.00
Components Processor P80C31; 12 ICs; 1 Reg. IC, Transistor;

Zener Diodes; Silicon Diodes; Chokes; RAM,;

EPROMDBINV 010; 4 x 2k Trimpots; Crystal 6478 DM 276.00

DBINV Tracking Generator for the Spectrum Analyser Art.No. Ed.1/1992

PCB DBINV 011 : 6479 DM 31.00
F6ILR A Digital Slow-Scan Television Art.No. ED.3/1992
F6BXC Transmit Coder

PCB SSTVCODE1 (KM Publications) SSTV1 £ 28.50

DBINV Broadband VCO'susing Microstrip Techiniques Art.No. Ed. 4/1992

PCB DBINV0I12 6480 DM 33.00
PCB DBINV 013 6481 DM 33.00
Components 400- 1250 MHz

3xBB619;1xBB811; 1 x BEG96; 2 x AT42085;

1 x BFQ69; 2 x 2.2nF & 1 x 27pF Feed-through Cap.;

SMC Connectors; 2 x 0.47 H SMD Choke; 1 x housing

74x55x30mm; 1 PCBDBINV 012 6482 DM 81.00
Components 450- 1450 MHz
as above but: 1 x BFG65 instead of BFG96 6483 DM 81.00

Components 800 - 1900 MHz
as above but: 4 x BB811 instead of BB619 and

PCB DBINV 013 instead of 012 6484 DM 85.00
Tuning Diode BB619 10off 10450 DM 20.00
Tuning Diode BB811 10off 10451 DM 31.50

To obtain supplies of any of the above items, or any other items from past issues of VHF
Communications, please contact your country representative for details of local prices and
availability. Alternatively, you may order direct from KM Publications, whose address may be
found on the inside front cover of this magazine.
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Plastic Binders for
VHF COMMUNICATIONS

@ Attractive plastic covered in VHF blue

@ Accepts up to 12 editions (three volumes)
® Allows any required copy to be found easily
@ Keeps the XYL happy and contented

@ Will be sent anywhere in the world for
DMBS.00 + post and packing

Please order your binder via the national
representative or directly from UKW-BERICHTE,
Terry Bittan OHG (see below)

The elder editions of VHF COMMUNICATIONS are still
obtainable for reduced prices from the publishers of

UKW-Berichte.

Subsctription Volume Individual copy
VHE COMMUNICATIONS 1993 each DM40.00 gach DM 11.00
VHF COMMUNICATIONS 1992 each DM38.00 each DM10.00
VHF COMMUNICATIONS 1991 each DM35.00 each DM10.00
VHF COMMUNICATIONS 1990 each DM27.00 cach DM 7.50
VHF COMMUNICATIONS 1988 to 1989 each DM25.00 each DM 7.50
VHF COMMUNICATIONS 1986 to 1987 each DM24.00 each DM 7.00
VHF COMMUNICATIONS 1985 each DM20.00 each DM 6.00
VHF COMMUNICATIONS 1980 to 1984 each DM16.00 each DM 4.50

(Edition 3,4/1982 no longer available}

Individuzl copies cut of elder, incomplete volumes, as long as stock lasts:

1,2, 401972 * 2, 471973 * 1, 3/1974 * 1, 2, 3, 4/1975 each DM 2.00
3, 4/1976 * 1, 4/1977 * 1, 2/1978 * 1, 2, 3/1979 each DM 2.00
Plastic binder for 3 volumes each DM 8.00
Post and packing minimum charges DM 14.00

x UIWbericite 1. sittan OHG - Postfach 80 - D-91081Balersdort

Tel: 09133-47-0 * Telefax 091334747 * Postgiro Niimburg 30455-858 code 760 10D 85



Electronic Designs Right First Time?

From Schematic Capture -

Create your schematics quickly and efficiently
on your PC using EASY-PC Professional.
L% F Areas of the circuit can be highlighted on
A screen and simulated automatically using our

PULSAR, ANALYSER Illl and Z-MATCH i
0 simulation programs.

‘S

EASY-PC Professional

through Analogue and Digital Simulation -

PULSAR ANALYSER Ill Z-MATCH I

If the results of the simulations are not as expected, the configuration and component values of the circuit
can be modified until the required performance is achieved.

to Printed Circuit Board Design!

|—————fnnan
The design, complete with connectivity, can — )
hen be transiated into the PCB. The % L_
connectivity and design rules can be checked °7¢2 0000000
automatically to ensure that the PCB T ——
matches the schematic. Y — =

= —

9
A
A
A
o

Affordable Electronics CAD EASYPC Professional

EASY-PC: Low cost, entry level PCB and 5
Schematic CAD. i $158.00 | e9m00 Ask for our fully functional
EASY-PC Professional: Schematic Capture

Iand PCB CAD. Links directly to ANALYEER $375.00 £195.00 Integrated CAD DEMOI
Iland PULSAR.

PULSAR: Low cost Digital Circut Simulalor | g10500 | £98.00 Number One Systems Ltd.

~ 1500 gate capacity. B . «
PULSAR Professional: Digital Circuit Ref: VHF, Harding Way, St. Ives,

Simulator ~ 50,000 gate capacity. ?375‘00 £135.00 Huntingdon, Cambs. PE17 4WR, UK.
ANALYSER MI: Low cost Linear Analogue

Circuit Simulator ~ 130 nodes. #195.00 298.2
ANALYSER il Professional: Linear
Analogue Circuit Simul ~ 750 nodes.

Z-MATCH II: Smith Chart program for RF
Engineers - direct import from ANALYSER lil.

For Full Information: Please Write, Phone or Fax

$375.00 | €195.00 Tel: 0480 461778
uss Steriing | Fax: 0480 494042

$376.00 | £195.00

We operate a no penalty upgrade policy. prices Prices
You can upgrade at any time (o the include exclude USA tel:011- 44 - 480 461778 fax 011- 44 - 380 494042
professional version of a program for the P&P

difference in price. Packing. and VISA, MasterCard, AMERICAN EXPRESS
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