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The last decade has seen a vast
development of the {frequencies
above 30 me, particularly the VHF
(30-300 me) and UHF (300-3,000 mc)
ranges. The most important influ-
ences in this development have been
radar, aireraft communications, and
FM and TV broadcast services. In
all these, oscillators play a vital
role. This article discusses the fea-
tures of oscillators designed for op-
eration in these ranges and using
vacuum tubes of conventional de-
sign.

Special Problems at Higher
Frequencies

Vacuum tubes of conventional
(although sometimes somewhat mod-
ified) design are now being used in
commercially-available equipment as
oscillators operating as high as 1,000
mec and above. However, successful
operation in the VHF and UHF re-
gions of the spectrum requires that
certain difficulties be overcome.
These difficulties arise from vacuum
tube factors, and circuit factors,
which, although not noticeable at
low frequencies, take on special
significance in the higher frequency
ranges. Figure 1 illustrates these
factors, which are, as far as the
tube itself is concerned, transit time,
lead inductance, and interelectrode
capacitance. These electrical tube
factors are discussed first, followed
by additional important circuit and
physical factors.

Transit time is the time it takes
an electron in the tube’s electron

stream to travel from cathode to
plate. If this transit time is appre-
ciable compared to the period of 1
cycle at the desired frequency of
oscillation, it is extremely difficult
to sustain oscillation. This is be-
cause, as the transit time approaches
the period of 1 cycle, the phasing
between plate and grid voltages is
affected in such a way as to intro-
duce the effect of shunting resistance
(conductance) between grid and
cathode. Since all or part of the
tuned circuit is connected or coupled
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between grid and cathode, the osecil-
lating ecircuit is adversely loaded by
this resistance effect. An undue
amount of power may thus be dis-
sipated, and in severe cases (higher
frequencies and unsuitable tubes)
sufficient energy cannot be fed back
to sustain oscillation. Many tubes
which have input impedances as
high as 5 to 20 megohms at low
frequencies (below 3 mc) have val-
ues as low as 20 to 200 ohms at 500
mc and higher.

Transit time is obviously a func-
tion of the spacing between the cath-
ode and the plate of the tube; the
greater the spacing, the longer it
takes for the electrons to traverse
the span. It is also a function of
the relative grid-to-cathode spacing,
since the effect on the relation
between the grid and the plate is
important. The G (transconduct-
ance) of the tube, which of course
is influenced by these spacings, also
affects transit-time. The conduct-
ance, which is the harmful effect,
resulting from transit time, is di-
rectly proportional to G. and in-
versely proportional to the square
of the frequency. However, the Gn
must be kept high to support osecil-
lation and provide stability, so the
transit time must be kept down by
minimizing spacings and interelec-
trode capacitance. An increase in
plate voltage reduces transit time
by speeding up the electron stream,
but increasing plate voltage over its
rated value is likely to overload the
tube, and so is not a satisfactory
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method.

The magnitude of the effect of
transit time on input loading can
be gauged from the following ex-
pression:

Gg = KGmf2 Tz
where :
Gg= grid input conductance due to
transit time.

Gm= tube transconductance.
f = frequency of oscillation.
T = transit time from cathode to grid.

K = constant depending on tube
construction.

Although this expression is derived
for a negative grid, it is just as
useful qualitatively in the case of
an oscillator.

Note that the input conductance
increases (resistance decreases) with
the square of the frequency. Thus
the input resistance of a tube at 100
me can be expected to be only one
ten-thousandth of its value at 1 mec.

Lead inductance the self-induct-
ance of the wire connecting each
tube element to its corresponding
pin, cap or connector. At high fre-
quencies it represents an appreciable
reactance between the tube elements
and the external oscillator circuit.

In the conventional grounded-
cathode oscillator circuits, cathode
lead inductance is of particular im-
portance. The reason for this is
illustrated in Fig. 2(A). The cath-
ode lead inductance Ly is in series
with both the plate and the grid r-f
return circuits. It therefore devel-
ops a feedback voltage E which is
degenerative, the same as in the

case of an unbypassed cathode re-
sistor in an audio amplifier. At high
enough frequencies, the degenera-
tive effect seriously interferes with
oscillation. The presence of cathode
lead inductance (Lix) causes the ef-
fective voltage between grid and
cathode of the tube to have a differ-
ent phase angle than that of the
externally-applied voltage. The dif-
ference is due to the feedback vol-
tage across L. due to plate current.
The result is a conductance com-
ponent in input admittance which
adds to the conductance due to the
transit time.

It has been shown that input con-
ductance due to Lk is

Gg= w® 6 L Cgi
where:
Gg = input conductance due to Lg.
w = angular velocity of oscillation {217F)
Gm= tube transconductance.
Lk = cathode lead inductance.

Cqk= grid-cathode inferelectrode
capacitance.

Bad effects also result from in-
ductances of other leads, as is dis-
cussed later in this article.

To reduce the effect of lead in-
ductance, many tubes designed for
high frequency wuse are supplied
with two or more leads and external
connections from the same element.
The two or more leads can then be
connected together right at the sock-
et. This connects the lead induct-
ances in parallel, thus reducing the
total lead inductance effect to the
inductance of one lead divided by
the number of leads so connected.

LIMIT OF HIGHEST
FREQUENCY BY LEAD
INDUCTANCE AND INTER-
ELECTRODE CAPACITANCE

FIG. 3

This is illustrated for a cathode lead
in Fig. 2(B).

Interelectrode capacitances have
a shunting effect due to their re-
latively low reactance value at high
frequencies. The charging current
through these capacitances results
in power loss in the resistance of the
circuit and adds to the power loss
in the dielectric, which is the in-
sulating material of the tube.

Limitation by Tube of Minimum
Tuned Circuit Size

The oscillation frequency is de-
termined not by the external tuned
circuit constants alone, but by the
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CATHODE COMBINE TO FORM
REDUCED EFFECTIVE Lk
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external tuned circuit plus the lead

inductance and interelectrode capa-
citances of the tube. The combined
effective tuned circuit thus reaches
an irreducible minimum size (and
maximum resonant frequency) when
the external tank is replaced by a
direct short circuit. The effective
tuned circuit is then composed of
the lead inductances and the inter-
electrode capacitance, as illustrated
in Fig. 3. Since nothing further can
be done to decrease inductance or
capacitance, the tube has reached
its upper frequency limit even
though transit time might allow it
to operate at a higher frequency.
Thus, if a tube is to oscillate at
a very high frequency, its lead in-
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ductance and interelectrode capaci-
tance must be small enough to allow

resonance with some sort of external

tuned circuit. Preferably, the plate,
grid and cathode must be located so é /UW——O B+

that a high frequency tuned circuit
can be directly connected without
intervening leads.

Triodes are by far the most pop-
ular tube type for high frequency
oscillators, because of their low in-
terelectrode capacitance. Types with
the highest G. are of course the
most suitable. As has been previ-
ously explained, having several leads
from each of the active elements
is also helpful.

Influence of Circuit Construction

on High Frequency Operation BASIC ULTRAUDION CIRCUIT

Even when the vacuum tube is

properly chosen, high frequency op- FlG 6
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eration may be adversely affected
by the character and construction
of the circuit.

All kinds of circuit losses increase
rapidly with frequency, and, if not
properly conirolled, may keep feed-
back from being sufficient to support
oscillation. Wiring must be direct
and of heavy-guage wire to combat
skin effect, wherever r-f current
flows. Any” points of rf voltage
should be either suspended in air
or mounted on low-loss material
such as polystyrene or polyethylene.
Although chassis grounding should
be as direct as possible, it should
all be done at one point in each cir-
cuit, to prevent bad effects of r-f
currents in the chassis. Soldered
connections must be the best pos-
sible; any tendency toward a ‘“cold
joint” or “rosin joint” can introduce
extreme losses and may prevent os-
cillation.

Operating the Heater at Cathode
R-F Potential

The construction of modern vacu-
um tubes is such that there is an
appreciable capacitance between the
heater and the cathode (2 to 10
uuf). Thus, in circuits in which the

ULTRAUDION CIRCUITS USED IN TV RECEIVERS
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cathode is operated above ground,
serious shunting of the cathode can
occur through this capacitance to
the grounded heater, as shown in
Fig. 4. This can be overcome by
isolating the heater from ground
as far as rf is concerned, and op-
erating it in the tube at the same
r-f potential as the cathode. One
way of doing this is shown at (B)
in Fig. 4. An rf choke is connected
in each heater lead; the cathode
r-f voltage can build up across the
reactance of each choke, although
the 60-cps alternating current for
the heater is allowed to pass.

Another arrangement is shown in
Fig. 4(C). Here the heater is isolat-
ed from rf ground by means of a
quarter-wave resonant transmission
line section in each lead. Both line
sections are short-circuited to r-f at
the bottom (one directly, the other
through capacitor C). This means
that there is a high impedance at
the other end between the inner con-
ductor and the grounded outer con-
ductor. The heater leads are fed
through these inner conductors and
are thus at a high impedance to
ground, thus preventing shunting of
the cathode.
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Types of Circuits Used

Many of the same types of circuits
used at low frequencies are also pop-
ular in the VHF and UHF ranges.
Such circuits as the Hartley are fre-
quently encountered, especially in
the “grounded plate” form (see Arti-
cle 2 of this series). High frequency
versions may he a little difficult to
recoghize at first, as special tank
circuits and other construction are
often employed.

Of particular importance is the
Colpitts circuit of Fig. 5, not only
because it is sometimes used itself,
but mainly because it is the basis
of the very popular ultraudion cir-
cuit, which will be explained pre-
sently.

The Colpitts oscillator ecircuit is
the same as the Hartley except that
the cathode is tapped into the re-
sonant circuit by means of a capa-
citance voltage divider C1-C2, in-
stead of a tap on the coil. One ad-
vantage of this arrangement is that
the two interelectrode capacitances
C,x and Cgx are not connected di-
rectly across parts of the coil, as
they are in the Hartley. They are
shunted by tuned circuit capacitors
Cl and C2. The latter have large
values, since they combine in series
to provide the total external reson-
ant circuit capacitance. The effect
of interelectrode capacitance varia-
tion on the frequency of oscillation
is thus minimized. There is one dis-
advantage in the Colpitts -circuit
when the oscillator is to be tuned
over a range, as in receiver local
oscillators. Either C1 and C2 must
be tuned together, or another capa-
citor must be added across all or
part of the coil to provide tuning
adjustment. The relative values of
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C1 and C2 determine the amount of
feedback, just as adjustment of the
tap did in the Hartley oscillator. Thus
variation of either of these capaci-
tors alone would vary feedback as
well as frequency, an obviously un-
satisfactory condition.

The Ultraudion

The ultraudion circuit is undoubt-
edly the most popular of any of the
circuits used for the VHF and UHF
ranges. It is widely used as the local
oscillator in communications, FM
broadcast and TV broadcast receiv-
ers, because of its simplicity. The
circuit is actually simply a Colpitts
type in which the plate-cathode and
grid-cathode interelectrode capaci-
tances form the voltage divider a-
cross the coil. No external capaci-
tors are then needed, although of
course some form of trimmer or
adjusting capacitor must usually be
added across the coil, so the fre-
quency can be set or varied.

The principle of the ultraudion is
illustrated in Fig. 6, which shows
how the interelectrode capacitances
form the Colpitts-type voltage di-
vider. :

As with other oscillator types, any
desired point in the r-f circuit can
be chosen as ground, to suit conven-
ience in the particular application.
Two examples of ultraudion local
oscillator circuits used in TV re-
ceivers are shown in Fig. 7. In
the type at (A), the cathode is
grounded. The plate is shunt fed
through R1, which keeps it at r-f
potential above ground. Optimum
efficiency and power output would
call for an r-f choke instead of R1.
However, in this case, sufficient re-
ceiver injection voltage, and better
stability can be obtained with the
lower-priced resistor, because a volt-
age dropping resistor is probably
necessary anyway. In the circuit at
(B), the plate is grounded to r-,
through C1. This means that both
the grid and the cathode must op-
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erate at above-ground r-f potential.
The cathode is kept above ground
by means of the cathode choke L,
which allows d-¢ cathode current to
pass through from ground to the
tube.

Use of Transmission Lines
as Tank Circuits

Because of the relatively high cir-
cuit losses and the effects of trans-
it time at high frequencies, the in-
herent stability of an oscillator less-
ens as the frequency is increased
into the VHF and UHF regions. One
way to compensate for this is to de-
sign the resonant (tank) circuit so
it has a very high Q, and thus tends
to stabilize the oscillator as a whole.
This can be done by using a reson-
ant section of a transmission line
as the tank circuit, instead of the
ordinary coil and capacitor. For
example, a quarter-wavelength sec-
tion of transmission line, short-cir-
cuited at one end, exhibits at the
other end the characteristics of a
very high Q parallel-resonant cir-
cuit. By slight adjustment of the
length of the line section, it can be
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made to combine with circuit and
tube reastances plus added tuning
capacitance if desired, to resonate at
the required operating frequency.
An open-ended line section a half-
wavelength long can be used in the
same way.

An example of the use of a line
section for the tank circuit of an
oscillator is shown in Fig. 8. Because
of the appearance of the shorted
line, which is usually fashioned from
a single piece bent into shape, this
arrangement is often referred to as
the “hairpin” oscillator. Actually
the circuit is an ultraudion, and the
construction is about the simplest
of any practical oscillator.

This application is not limited to
open wire lines, but coaxial line
sections also can be used. A Hartley
circuit using a quarter-wave coaxial
section is shown in Fig. 9. The line
is shorted and grounded at the bot-
tom, where the plate is also connect-
ed through C1. The circuit is thus
a grounded-plate Hartley. The leads
from the cathode and grid respec-
tively are fed through the outer con-
ductor of the line section and tapped
onto the inner conductor. This sim-
ulates the connection of these leads
to the tap and top respectively of a
conventional coil. C3 is added for
variation or adjustment of frequency.
Sometimes frequency adjustment is
provided by a shorting plug of metal
between the inner and outer con-
ductors, which is moved to change
the electrical position of the bottom
short circuit.

Push-pull oscillator circuits have
the advantage at high frequencies
that the combined effective intere-
lectrode capacitances are lower than
those of each tube alone. A typical
push-pull tuned-plate-tuned-grid os-
cillator circuit using transmission
line tanks is shown in Fig. 10.
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TWIST-PRONG ELECTROLYTICS

Here’s the reason: A popular TV replacement calls for a
4-section unit rated at 20-20/450, 60/150, 100/25.

In the absence of such a number, some capacitor lines
recommend TWO units in combination — 20-20/450

60/350, list price $5.05, plus a tubular electrolytic 100/25,
list price $1.35, for a total of $6.40.

By contrast, AEROVOX offers the identical part number — an
AFH-105-30, rated at 20-20/450, 60/150, 100/25, list price $4.25

Why buy TWO when ONE will do? Why $6.40 list when you can get
a single-unit replacement for $4.25 — and cut your labor by half? Lastly,
you avoid trouble in TV chassis where tight fits are a problem.

With more extensive listings (actually 290 to 345 more numbers
than those of any one of five competing brands*), AEROVOX
Type AFH Twist-Prong Electrolytic Capacitors meet more
requirements with single, economical units in place of
multiple-unit makeshifts.

Consult AEROVOX Listings!

Take full advantage of those more extensive
listings of ALL types of capacitors. Ask your

| AEROVOX distributor — or write us.
*Details on written request




