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Reflections:

Never in my life did I
ever think that I would
find enjoyment in play-
ing with radio’s.

From a very young age
we always had music
playing in our house,
thanks to my mother
and Phillips .

We had a Phillips radio
gram that stood in the
one corner in our lounge
that had one of the roll
up doors on the top that
revealed the gramo-
phone and there would
more often than not be a
record playing on it.
More than likely Manto-
vani or some big band
music.

If no record was on then
it would be tuned to
BBC via a spider type
antenna that my brother
had made and stuck up
on the rain gutter out-
side the lounge.

That was my closest en-
counter with radio at a
young age.

Not even while growing
up and travelling to
boarding school or there-
after was there ever an
introduction to electron-
ics or radio. It was very

late in life, only after I
was married, that I
heard about CB radio
and bought one to be
able to chat with the
“maatjies” while living
in the Northern Cape.

Of course there was all
the illegal extra’s that
eventually went with it
including a home brew 2
element yagi that ena-
bled all the DX that we
could handle.

Of course in those days
the bands were so good
that the proverbial wet
shoestring could have
done as well.

It was because of having
at least some kind of ra-
dio interest that I ended
up being drawn into
Comms in the military
side and meeting my
mentor who was the
head of comms, but also
a radio ham.

Since then, I never
looked back and have
had radio infused into
my system, that it is al-
most something that has
become like a drug. If 1
don’t get my daily dose
of RF, then something is
definitely wrong and
strange things start to

happen. I'm sure there
may be some who can
identify with these symp-
toms.

I often listen to others
speaking about how they
were introduced to radio/
electronics from a very
young age and wonder if I
would have been any dif-
ferent in my outlook to-
day ? Quite honestly, I
don’t think so.

I may have been able to
not say “that’s beyond my
pay grade”, but I think I
would have got as excited
about radio as I still do.
The thing that excites me
about opening up a radio
is all those tubes and ca-
pacitors and things. It's
like a thick juicy steak
with fat around the edge.
I can’t feel the same way
looking at surface mount
stuff.

What is it that drew so
many of you in to amateur
radio ? Are you still as
excited about it as you
were the day you got your
license ?

Give me something to
publish in our next issue.

Best 73
DE Andy ZS6ADY

Solar Flares:

Frequency

Wikipedia

The frequency of occurrence of solar flares varies with the 11-year solar cycle. It can range from several per day dur-
ing solar maximum to less than one every week during solar minimum. Additionally, more powerful flares are less fre-
quent than weaker ones. For example, X10-class (severe) flares occur on average about eight times per cycle, whereas
M1-class (minor) flares occur on average about 2000 times per cycle.
Erich Rieger discovered with co-workers in 1984 an approximately 154 day period in the occurrence of gamma-

ray emitting solar flares at least since the solar cycle 19. The period has since been confirmed in most heliophysics data
and the interplanetary magnetic field and is commonly known as the Rieger period. The peri-

od's resonance harmonics also have been reported from most data types in the heliosphere.

Duration

The duration of a solar flare depends heavily on the wavelength of the electromagnetic radiation used in its calculation.
This is due to different wavelengths being emitted through different processes and at different heights in the Sun's atmos-

phere.

A common measure of flare duration is the full width at half maximum (FWHM) time of soft X-ray flux within the wave-
length bands 0.05 to 0.4 and 0.1 to 0.8 nanometres (0.5 to 4 and 1 to 8 angstroms) measured by the GOES spacecraft
in geosynchronous orbit. The FWHM time spans from when a flare's flux first reaches halfway between its maximum flux
and the background flux and when it again reaches this value as the flare decays. Using this measure, the duration of a
flare ranges from approximately tens of seconds to several hours with a median duration of approximately 6 and 11
minutes in the 0.05 to 0.4 and 0.1 to 0.8 nanometre bands, respectively.®!®!
Solar flares lasting longer than approximately 30 minutes are regarded as long duration events
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CRYSTAL OSCILLATORS

After publishing the article from Wikipedia in the August 2022 edition, I received an email from John ZS5JF which is correc-
tional in many ways and this article is published with his permission....

Unfortunately some of the information about xtal oscillators is not strictly correct. Having spent a large part of my
professional career designing xtal oscillators | have become wary of some of the published facts on sites like wikipe-
dia! | have trusted the suppliers technical data from companies such as KVG, SEI and NDK etc and found they all
give the same information.

Xtals are predominately series resonant circuits but the common usage of 'parallel resonant’ is not in fact true. The
preferred name is 'fundamental oscillators'. The existence of the so-called 'parallel resonance' is a quirk when the
xtal is presented with an excitation voltage which is above the true series resonant mode.

Manufacturers of xtals can grind the xtal blank to move the series resonant frequency but have little control over the
parallel resonant frequency. For xtals intended for use on the 'parallel resonant frequency' it requires a specific
shunt (parallel) connected capacitor. This is usually a value of about 30pF for most xtals. As the xtal behaves like a
very high Q inductor when excited at a frequency above the series resonant mode the actual oscillation frequency is
dependant on the value of the shunt capacitance across the xtal. This allows some slight adjustment of the oscilla-
tion frequency. However, the 'activity' of the xtal has a large part in whether the amplifier stage gain needs to be
higher or lower to ensure reliable starting and stable oscillation. Too much gain can make the xtal oscillator jump
from the parallel to the series mode. This is especially important for overtone oscillators as the wrong amount of
feedback can make the xtal oscillate on either the fundamental of some other overtone. Note that overtone xtals can
never be "even tones" but only "odd tones", so a 10 MHz series xtal can be made to oscillate on 10 MHz
(fundamental) or 30 MHz or 50 MHz, 70 MHz etc but not 20 MHz, 40 MHz etc.

If a xtal is measured using an impedance analyser, such as a Vector Network Analyser etc, you will find two specific
frequencies very close together, one where it exhibits a very low series resistance (the series mode) where the ESR
is approaching zero ohms, and the other, situated a very small frequency higher, shows the xtal is approaching infi-
nite resistance. This second frequency is the so-called 'parallel resonant' mode. The trick is to suppress the series
mode and enhance the parallel mode to get reliable oscillation, low spurious oscillations and reliable starting. For
xtals intended for 'overtone operation' the value of the ESR is critical to get reliable operation. When designing se-
ries resonant oscillators the best method is the substitute the xtal with a resistor of the maximum specified resistance
for the xtal type. The oscillator tank circuit is then adjusted to the nominal xtal frequency. In this mode it is simply a
VFO circuit. Removing the resistor and putting the xtal in circuit it should then run at the xtal frequency. Some small
adjustment can be made by adjusting either the L or C value in the tank circuit to move the xtal to the correct fre-
quency, but this adjustment range is very small. It is important to suppress any tendency to jump from series to par-
allel mode. This is normally corrected by connecting a low value resistance in shunt with the xtal. A good rule of
thumb is to select a value with a value of ten-times the maximum ESR. This means the xtal can never approach the
infinite resistance mode if the oscillator is detuned. A good starting point is a 680-ohm resistor.

Similarly with a 'parallel resonant' oscillator a different method can be used. The xtal is substituted with a LC parallel
tuned circuit with one element being adjustable in value (usually the C portion but an adjustable L can also be used
with a suitable fixed value for C) and the oscillator is adjusted to give approximately the correct frequency. Thereaf-
ter the xtal is inserted, having removed the LC network, and the oscillator should run at the xtal frequency. Again
some small adjustment is possible by a variable trimmer capacitor or a variable inductor to move the xtal onto the
correct frequency.

Note in the 'parallel mode' the capacitance value specified to give the correct nominal frequency is the net shunt ca-
pacitance which exists across the xtal. In most low frequency Colpitts oscillators the feedback capacitors are much
greater than the nominal shunt capacitance and in this case another series capacitor is required between the oscilla-
tor tank circuit and the xtal to allow a trimmer capacitor to be added for the final frequency adjustment. If the Colpitts
oscillator requires two 220pF fedback capacitors (one from base to emitter and one from emitter to base) this gives a
shunt value of 110pF as there are connected in series and the xtal connected between base and ground will be
loaded with 110pF and not the required 30pF. The extra series capacitor between the base and the xtal can be
about 33pF allowing a 20pF maximum trimmer to be used. Alternatively the extra capacitor can be placed in the
ground lead of the xtal instead of between the base and the xtal, it makes no difference to the operation as long as
the value is correct.

All of this is learned the hard way!



Designing Colpitts oscillators
John Fielding ZS5JF

The Colpitts oscillator is one of the classic RF oscillators used widely to generate stable signals for either a fixed frequency ap-
plication or a variable frequency application. There have been several variations on the basic theme over the years, including the
Vackar oscillator, but they all use the same basic concept.

The Colpitts oscillator was invented in the heydays of vacuum tubes and later semiconductor versions used the same basic prin-
ciples. Unlike types such as the Hartley oscillator the Colpitts is simpler to analyse and design as the feedback mechanism is
performed by a capacitor tapped network. In the Hartley and similar designs the feedback is by varying the turns ratio between
two series connected inductors and varying the feedback ratio is more difficult and less easy to analyse before the construction
begins.

RF oscillators are characterised by several parameters that are important to the application. These include frequency stability,
output level, frequency and tuning range and close in phase noise. Not all of these can be optimised together unless great care is
taken to attain the best compromise and usually some tradeoffs need to be made.

Where the greatest frequency stability and lowest close in phase noise is essential then the classic LC oscillator is not as good as
a crystal controlled type, as crystals can offer loaded Q values well in excess of the best LC oscillators. The highest Q a practical
inductor can have is around 600 whereas a crystal Q figure is normally at least 10,000. However, crystal oscillators are essen-
tially “fixed frequency” types as the average crystal is made for a specific frequency and it cannot be varied more than a very
small amount.

A schematic of a typical Colpitts oscillator is shown in Figure 1 where the basic components are shown. One of the additional
parts is the biasing that is often omitted for clarity.

The basic Colpitts oscillator uses two series connected tapped capaci-
tors to produce the feedback signal between the cathode and the control
c5 grid. Figure 1 shows a simple triode circuit but it can also use a tetrode
,_I or pentode. In these types an additional supply is required for the
screen grid pin (g2). The basic building block for the Colpitts circuit is
the classic Cathode Follower. This is
shown in Figure 2.

+HT

Vi
S
5\_; i | c4 The cathode follower is a simple amplifier which has zero phase shift
—I |— olp between the input and output. The input resistance is very high but the
10n output resistance is low. This makes it the ideal “buffer amplifier” where
L 3 low impedance loads need to be driven from a high impedance source.
= The voltage gain of a cathode follower is slightly less than 1. In prac-
cé tice it is between 0.95 to 0.99 depending on the frequency of operation.
By selection of a suitable tube the gain is almost
— 10n =— 1 and the small difference can be ignored in most applications.

Figure 1 Typical Colpitts oscillator using a vacuum tube
Although the
voltage gain is only 1 it has a high current gain and it can produce consid- +HT cs
erable “power gain” allowing it to drive low impedance loads with fairly
high current.

The classic tubes used for RF oscillators are the 6C4 and the 12AT7.
The 6C4 is a single triode and the 12AT7 is a dual triode. Both have an

acceptable “amplification factor’ commonly known as the mu ((). The
6C4 is typically 20 and the 12AT7 is 60, so it is a better choice. Either
one will oscillate up to several hundred MHz in a suitable circuit and
draw little current, providing a few volts rms output. There are many
other suitable tubes that can be used.

In all oscillators a small portion of the output power generated is used to =

drive the input terminal and if the “/OOP gain” is high enough it is self Figure 2 Cathode Follower

sustaining once it begins to oscillate. The initial signal is produced from

the inherent noise present and this is fed back to the input amplifying the noise. Very quickly the amplitude builds up to a maxi-
mum level. The oscillator is inherently “Self limiting” above a certain output level as the gain falls as the input level is in-
creased. This limiting action in a tube oscillator is caused by the grid current flowing developing a negative bias on the control
grid. As the control grid is driven more negative the anode current begins to fall, so lowering the gain of the tube. It settles into a
steady state after a few cycles and thereafter it can only change if the external load is varied or the supply voltage changes.



Hence, all oscillators need to drive a fairly constant load to ensure a constant output voltage is attained and a well regulated
anode supply voltage if good frequency stability is essential.

The frequency the oscillator will run at is determined by the LC “tank circuit’ connected in the feedback path. If the tank circuit
presents a pure resistance to the input of the oscillator then the phase shift across the feedback path is 0°. Since the cathode fol-

lower also has a 0° phase shift from its input to output the tank circuit required is a parallel resonant LC network. This is shown
in Figure 3.

The criteria for oscillation is that the feedback signal through the resonant net-
work must be in-phase and greater than a gain of 1 in voltage terms. A parallel

At resonance a parallel resonant network appears as a pure resistance of a high

[
value, commonly known as the “Dynamic Resistance” or RD. The value of RD L Copm = Bl
can be several tens of thousand ohms with good Q components. If the network is

resonant then the voltage and current are in-phase and complies with the needed 0°

phase criteria at that particular frequency. If the network is tuned to a different

resonant frequency then the oscillator will run at the new frequency. Resonant LG

The resonant frequency is determined by the reactance values of L and C. To be  Figure 3 Parallel resonant network and its
truly resonant they must be the same value. Changing the frequency can be equivalent circuit

achieved by altering either the L or C value to select the required frequency. It is

normally easier to change the value of C rather than L, but some oscillators use either or both to get the correct frequency. Vari-
able tuning capacitors are a simple method of varying the resonant frequency, but some oscillators use variable inductors,
known as “Permeability Tuning” with fixed value capacitors.

Feedback network

The Colpitts oscillator uses two series connected capacitors between
C1 — XC1 the cathode (output) and the grid (input) as a constant ratio divider
22p et network. This is shown in Figure 4. Effectively it is a fixed ratio
! = = — 15 “step-up” network. Electrically it behaves the same as a tapped in-
&5 P ductance where the drive input is fed in low down on the “auto-
— e 1

47p - XC2 transformer” winding.
F = 30MHz XC = 353.8 ohms Each capacitor exhibits a reactance determined by its value and the
KO = 341 ohirms frequency. The ratio between the two reactance’s is constant no mat-

ter what the frequency is. In some versions of the Colpitts oscillator
the two divider capacitors are the same value giving a 2:1 ratio, but
Figure 4 Tapped capacitor voltage divider network in high input resistance amplifiers such as tubes or FETs, it is usually
a larger value at the bottom and a smaller value at the top, giving a
higher step-up ratio. High value capacitors have a lower
reactance than low value capacitors.

XC2 = 112.8 ohms

For the example oscillator we have selected a frequency range of 30MHz to 50MHz. Capacitors in series have a total capaci-
tance less than the smallest value. They behave the same way as resistors in parallel. In this example the values are 22pF and
47pF and the reactance in circuit across the inductor is the sum of the two in series. Effectively the 22pF and 47pF connected in

series add =15pF across the inductor.

Resonance Criteria

To attain a particular frequency of oscillation the reactance of the inductor XL and the total capacitive reactance XC across the
inductor have to be numerically equal. Inductive reactance rises with increasing frequency whereas capacitive reactance de-
creases with increasing frequency. The formula for each are:

XL= oL and Xc=1/ ®C Where o =27t
A 100pF capacitor at IMHz has a reactance of 1951€. The corresponding inductor to resonate at IMHz is 253 [H

At 2MHz a 100pF capacitor has Xc = 795.5€ and the inductor requires a reactance of the same value and it is 1/4 of the value
at IMHz, being 63.25 [ H.

The choice of main tuning capacitor is often limited to standard air variable capacitors available. In this example we have se-
lected an air variable with a minimum value of 20pF and a maximum of 100pF, a swing of 80pF nominal.

In addition to the tapped capacitor network and the tuning capacitor we have to take into consideration any other capacitance



effectively across the inductor. One of these is the grid-cathode capacitance of the tube chosen. In most cases with small tubes it
is a fairly low value of 4pF typically.

Hence the total capacitance across the inductor is (15 + 100 + 4) = 119pF when the capacitor is at maximum, with fully meshed
plates. At fully unmeshed condition the total capacitance across the inductor is (15 + 20 + 4) = 39pF. These two values deter-
mine the minimum and maximum frequency possible with a particular inductor value, and hence the tuning range possible.

We will choose to cover 30MHz to S0OMHz and calculate the inductor value required. At the highest frequency the inductor re-

actance must be the same as the 39pF condition and since we want SOMHz the reactance required is 81.6€2. This is an induct-

L ance of 0.259 (H nominal.
0.25uH To check that the frequency coverage is correct we now calculate

* ® g1 what the reactance of a 0.259 (H inductor is at 30MHz. It is 48.82

l Q) and this corresponds to a capacitance of 108.6pF. This is less
\ S o mm CG than the maximum effective capacitance of 119pF so the capacitor

CT & 2 - will be slightly less than fully meshed. The effective values for L
20-100p and C are shown in Figure 5.

Al
C
1
IS
-

These calculations confirm the oscillator should cover the frequen-

— cy range required. If there is a small stray capacitance we haven’t

F = 29.18-50.9MHz taken into account then a small reduction in the inductor value will

cater for this. Alternatively we can add a variable “padding capaci-

Figure 5 Circuit constants tor” of a small value across the network for fine tuning, taking into

account the effect this has on the total capacitance across the induc-

tor. A 20pF maximum air variable trimmer would be a good choice. This means we need to reduce the inductor value by a small
amount to compensate for this capacitor when set to about mid value, say 10pF effective.

In variable LC oscillators that have to cover a wide range then the inductor is adjusted at the lowest frequency with the tun-
ing capacitor fully meshed and the padding capacitor at the highest frequency. By alternating between the two ends of the
range the tuning can be correctly adjusted to cover the minimum and maximum frequency correctly.

Temperature stability

All practical components exhibit a change in value as their temperature varies. As the components get warm in use, either due to
the heat from the tube or the current flowing in them, then they will change in value by some amount. The ambient temperature
at switch on is normally low but as the oscillator runs the temperature rises slowly and some warm up drift is likely to occur.

The inductors used generally have a strong positive temperature coefficient. As the temperature rises the inductance will in-
crease in value due to the metal used expanding slightly. This causes the reactance to also rise and the result is the frequency
drifts lower as the temperature increases, if the capacitor reactance and hence the value remains constant.

To counter this drift the capacitors are usually chosen to have an equal and opposite temperature coefficient. This means they
need to have the correct negative temperature coefficient. These capacitors are chosen from standard values with a N150, N220
or higher temperature coefficient. If the two temperature coefficients are the same then drift from cold to full operating
temperature is virtually eliminated. The number in N150 is the “parts per million” they change per degree Celsius rise in temper-
ature.

The capacitors used also have to be a low loss type of a suitable construction, voltage and current rating for the application fre-
quency required. Normally mica, ceramic or polystyrene types are chosen for the parameters. Polystyrene types are not suitable
for very high frequency applications (above about 10MHz). Often a mixture of mica or ceramic types are used with different
temperature coefficients to combat the thermal changes over the envisaged operating temperature range.

Air variable capacitors have a strong to medium negative temperature coefficient as they also suffer from some mechanical ex-
pansion as they warm up. In some cases the negative temperature
coefficient is greater than the inductor positive coefficient so some
of the capacitors may need to be positive types, for example P100,

g1 to keep the net temperature coefficient close to zero. There are spe-
cial positive-negative temperature coefficient air variable trimmer
Capacitors that can be adjusted to have a constant capacitance val-
ue but a temperature coefficient that can be changed from positive

k to negative coefficient by adjusting the trimmer. Oxley made
“Tempa-Trimmers” for this application.

CS

OT 2N L
10-50p A

often a suitable air variable capacitor is not available. A simple
way to reduce the effective tuning range is to connect a capacitor in

I In oscillators that do not require a wide variation in frequency then
- series with the tuning capacitor to reduce its swing.

F=9-10MHz

Figure 6 Reducing the tuning range with series capacitor



Additional circuitry

If we look at Figure 1 again we can see what some of the other components are used for. The quiescent biasing is determined by
the grid 1 to cathode voltage and this is determined by the value of the cathode resistor RK. For a grid bias voltage of, say, -3V
to set the correct bias conditions the voltage drop across the cathode resistance is the same value so the cathode sits at +3V
above ground.

This value can be determined by perusing the anode current versus grid 1 bias voltage for the tube in use at the chosen anode
voltage. The resistor value at the required anode current is then calculated using Ohms Law. For the non-oscillating state the bias
is set to be in the Class A range with a medium level of anode current flowing. When the oscillator starts the anode current is
driven up to a higher value, but it must remain within the safe operating conditions for the tube chosen.

The RF choke in series with the cathode and its decoupling capacitor to ground serves to stop the RF being shunted to ground.
The reactance value of the RF choke is normally selected to be at least ten-times higher than the output Z of the stage. Since this
is relatively low almost any practical RF choke has enough reactance. In some low frequency oscillators a cathode resistor is not
required as the RFC if it is a fairly high value has significant resistance, sufficient to provide

the correct voltage drop to suit the tube used.

The anode of the tube must be held at close to zero RF potential to ensure correct operation. The value of decoupling capacitors
are normally quite tolerant as long as they are large enough in value for the lowest frequency of operation. In this case a 10nF
capacitor will serve for frequencies as little as SMHz and above to about 100MHz. (A 10nF capacitor at SMHz has a reactance

of 3€2 and is close to being a short circuit to RF signals). Above this frequency a smaller capacitor will suffice, such as 4.7nF or
InF.

The output can be taken from the cathode via a suitable dc blocking coupling +HT

capacitor. For best frequency stability the oscillator should feed a high imped- &
ance device such as another cathode follower with a small value coupling ca- | L
pacitor. For 30MHz a 1nF capacitor is more than big enough feeding a cathode 1 -
follower stage and often as little as 10pF will suffice. By selecting the :/P_ -

coupling capacitor value with the cathode follower grid resistance the level into
the buffer amplifier stage can be set to the required value. It forms an attenuator \\ L2
network or voltage divider. =
A small coupling winding on the main tank coil can transfer the signal to a high
Z amplifier stage. Alternatively a second inductor with a resonating capacitor
can be positioned close to the main inductor to form an air cored transformer =
with loose coupling. This method is show in Figure 7.

[¢13]

— 10n "—

Harmonic output

One of the characteristics of limiting oscillator stages is the purity of the sine
wave output. Since the oscillator is basically running in Class C it is a non-linear amplifier and has harmonics present in the out-
put. If a “scope is used to look at the output waveform it is normally distorted because of the harmonics present.

Figure 7 Transformer coupling for the output

The signal at the grid is however more like a pure sine wave as the tank circuit acts as a high Q filter. The amount of signal you
can extract from this point is much less than from the cathode as any significant loading will reduce the feedback signal and it
can cause the oscillator not to run if too much coupling is attempted.

The unloaded Q of the inductor should be as high as possible by the winding method and gauge of wire. For best frequency sta-
bility the loaded Q needs to be fairly high and this means thick wire and rigid construction are essential where high stability is
the main criteria.

Freedom from “microphonics” is also a problem if the construction is less than

rigid. Vibration and tapping on the enclosure containing the oscillator will cause

jumps in frequency if the inductance is subject to vibration.

Another factor is the regulation of the anode supply voltage. For maximum frequency stability this should be regulated as tightly
as possible. A variation in the anode voltage causes a change in frequency, so a well regulated supply is normally necessary to
counter any variation in the raw dc supply voltage due to variations in the mains voltage. Any significant ripple on the anode
voltage supply will causes residual FM which causes modulation in frequency and phase

of the carrier.

Variations on the Colpitts oscillator

In some applications the oscillator frequency needs to be multiplied to a higher frequency. Generally, where a higher frequency
is required it is often better to use a low frequency oscillator and then to multiply up to the final frequency than try to construct
an oscillator at the higher frequency. Higher frequency oscillators tend to drift more than a low frequency oscillator that is multi-
plied up.

One of the methods to incorporate the multiplier as part of the oscillator is to add a parallel tuned tank circuit to the anode of the
oscillator stage. This however is not the correct way to solve the problem.

The Colpitts oscillator relies on the anode being firmly grounded to RF. If the grounding is removed its operation is upset. Plac-



ing a parallel resonant tank circuit at two-times or higher the oscillator fundamental
frequency effectively removes the ground potential. This causes a loss of gain and

+HT - an uncertainty of the degree of feedback.

: | = The normal premise for choosing this method is that the Colpitts, like most self-

§ limiting oscillators, has a high harmonic content as it is run hard into Class C.

c7
/p 3f . . . . .

22!_ - Why not utilise this effect and pick off the harmonic of interest? Although to some
extent it can be made to work with a narrow tuning range the derivation of the
Vi tapped capacitor values is a bit hit and miss and entails lots of empirical work. It

may not work for a variety of tubes of varying emission and is best rejected as a
method to use.

If this method is used then the oscillator output at the multiplied frequency is much
ct lower in amplitude and if the tuning range is fairly wide it is common to find the
H oscillator ceases to run over the whole tuning range, as the feedback ratio has been

— 10n "—

- - upset by the modified circuit.

Figure 8 Frequency multiplier tank circuit in . X Lo
anode It is far better to use a separate stage as the harmonic multiplier. If one of the com-

mon dual triodes is used, (the 12AT7 is good for at least I00MHz as an oscillator or
multiplier stage), the second half can be configured as the multiplier stage and the multiplier tank circuit is placed in the anode
of this stage. This provides the necessary isolation and a high load impedance for the oscillator stage to work into. The level into
the multiplier can be adjusted by the value of coupling capacitor used to optimise the multiplier efficiency. Alternatively a tube
such as the 6U8/ECF82 is a triode-pentode combination and is also a suitable choice. The oscillator uses the triode and the mul-
tiplier stage the pentode section.

Band switching methods
When several ranges are required, for example in a home constructed RF signal generator, there are several methods used to
change the resonating components.

In professional signal generators the coils and padding capacitors are normally mounted in a type of turret mechanism that ro-
tates and connects the required components into circuit. This is a complicated method and where the highest performance isn’t
necessary then simpler methods can be used with normal multi section wafer switches.

One of the simplest methods is to use several inductors that can be connected in parallel with the main inductor. Inductors in

parallel act in the same way as resistors in parallel. If the main inductor is chosen to be, say, 10 [H and the tuning capacitor is a
dual gang type with two equal sections then with one additional inductor up to three ranges can be arranged.

For the lowest frequency range both gangs of the tuning capacitor are paralleled and a single 10 [H inductor. If the tuning capac-
itor is a 365pF per section then when fully meshed it will be 730pF and this
with the inductor and capacitor divider will tune to some low frequency, typi-

LU °|5 cally about 1.9MHz. For the next range only one section of the tuning capacitor
i o == is used. The lowest frequency will be approximately twice the first range and

= } [___ - highest also twice the first range. It is
5 1w possible to cover, say, 2MHz to SMHz for the first range and 4MHz to 10MHz

N for the next range with a useful amount of overlap.
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iy P 2 For the third range an additional inductor is added in parallel to produce an ef-
fective inductance of 2.5 (H This range has only one tuning capacitor section

used and it will cover from 6MHz to