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From Spark Generators to

Modern VHF/UHF/SHF
Voltage Controlled Oscillators

Here is a brief overview of RF oscillators — from Heinrich Hertz's
original apparatus to modern voltage controlled oscillators.

As we teach advances in the field of
microwave oscillators, it may be fun to step
back and look at the origin of oscillators. The
very first one, invented by Heinrich Hertz
in 1886, was generating RF energy based
on a spark across a gap, and used a resonant
dipole as a frequency determining element.

The original test circuit shown in Fig-
ure 1 is preserved at the Deutsche Museum
in Munich, Germany. Figure 2 shows the
current and voltage distribution along the
dipole."?

The iron balls at the end of the 2 wires,
as shown in Figure 2, reduce the resonant
frequency significantly. Today we call this
capacitive loading, and this also makes the
dipole bandwidth much narrower. Since the
gap between the two poles produces a high
impedance, the transmissions result in a
highly damped waveform. A better way to
show this and duplicate the result is by using
a four-gap spark “transmitter”” based on the
1914 work of Leimbach, as shown in Figure
3. Probably the most efficient of these “arc-
ing” transmitters was the one built by Ludena
in 1929, as shown in Figure 4.

These spark “oscillators” were driven by
a modulated voltage, resulting in a hum-like
sound at the receiving station.

Progress was made in the following
years by the invention of an electron tube in
about 1932 that was suitable for microwave
applications. While the tube was one of the
requirements of the oscillator, the resonant
circuit was another important part of the cir-
cuit. In 1935, so called acorn tubes (miniature
triode tubes) were developed, and probably
the very first “crystal” triode transmitter was
configured. This is shown in Figure 5.

"Notes appear on page 45.
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Figure 1 — Original dipole made by Heinrich Hertz in 1887 using balls at the end to form a
capacitive load (Deutsches Museum, Munich) See Note 1.

Rather than getting the energy from a
spark, the next generation of oscillators con-
sisted of an amplifier with feedback, where
a small amount of energy is used to start the
oscillation, and then maintain the oscillation.
Today, this is explained in terms of a nega-
tive resistance, which compensates for the
losses, and can be expressed by concentrat-

Figure 2 — A typical current (strom) and
voltage (spannung) distribution along the
length of the Hertz dipole. See Note 1.

ing them in the form of a loading resistor in
parallel with the resonator (tuned circuit). By
applying the right amount of feedback, the
input (and/or output) of the amplifier shows
a negative parallel impedance (or a trans-
formed negative series impedance). Equation
1 is a simplified equation using the familiar
Y-parameters, but can also be expressed in
other forms, such as S-parameters. I prefer
the Y parameters since they give more insight
into the circuit than other forms.

y*:M- Y <0

Y, +Y,

Y., is the forward transconductance,

Y, is the reverse tranconductance (inter-
nal and external feedback)

Y,, is the output conductance, and

Y, is the input conductance of the active
device (tube or transistor).

Y, is the output with load.

In the beginning, the capacitively loaded
dipole determined the resonant frequency, and
soon after discovering the piezoelectric effect,
turmaline crystals, of all things, were used to
stabilize the oscillator frequency. This is shown
in Figure 5. This is a photograph of probably
the first stable “ crystal controlled,” slightly
tunable 455 MHz oscillator. (See Note 1.)



In the search for stable but tunable resonators, the prin-
ciple of a quarter wave line was applied. By mechanically tun-
ing the inner portion of a coaxial resonator, a high Q (Figure
of merit, ratio of stored energy versus dissipated energy) oscil-
lator with the novel mechanical arrangements shown in Fig-
ure 6 were invented. (See Note 2.) In the case shown in Part A, a
screw allows fine tuning while in Part B the end can be mechanically
set over a wide range. An actual circuit diagram is given in Figure 7,
which shows how the tube is connected. (See Note 2.)

This system for obtaining very good resonators was applied to test
equipment, where tuning the mechanical resonator set the oscillator
frequency. This oscillator was used in the early Tektronix spectrum

U

Figure 3 — Thick dipole formed by two conical resonators with
spark gap (1914). See Note 1.

Figure 4 — Dipole oscillator with parabolic mirror (1929). (See Note 1.)
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Figure 5 — 455 MHz crystal triode transmitter. (See Note 1.) The leads
come out the sides of this “lighthouse” tube. Notice the three RF
chokes on the left.
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Figure 6 — Coaxial resonator oscillators. (See Note 2.) Invar refers to
a type of steel used for the center conductor.
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Figure 7 — Actual early tube oscillator circuit using a coaxial
resonator. (See Note 2.) Topfkreis means coaxial resonator,
Riickkappl-Kondensator refers to the tuning capacitor, Ausgang refers
to output capacitors and Abschirmung is a shielding box.

Figure 8 — Mechanically tuned 4GHz transistor oscillator.® The
tuning shift is on the right side.
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Figure 9 — High Q helical resonator oscillator (Rohde & Schwarz,
SMDU).* Notice the transistor hanging off the right side of the

resonator.
Figure10 — Mechanically tuned 200 to 400 MHz Oscillator (Hewlett
Packard HP8640).
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Figure 11 — Measured phase noise of a modern coupled mode resonator (line) based wideband VCO (900-2100 MHz)
(Synergy Microwave Corp, USA).
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analyzers, where the actual frequency was
modulated as part of a phase locked loop
control system, which stabilized the fre-
quency against a standard. The photograph of
Figure 8 shows the mechanically tuned reso-
nator and the oscillator circuit. (See Note 2.)

A variation of this is the helical resonator,
which has a high Q, low radiation and needs
to be tuned electrically by some mechanical
device — in this case an air variable capacitor.
This was done in the vintage 1970 Rohde &
Schwarz SMDU signal generator (Figure 9).
Hewlett Packard — now Agilent — designed
their HP 8640 signal generator around the
tunable cavity, 200 to 400 MHz, and divid-
ing the output frequency down for lower fre-
quency in segments of 2:1. These were built
when the spectral purity of a (wide) tunable
oscillator became interesting. This parameter
is called phase noise, expressed in dB below
the carrier in different offsets referenced to
1 Hz bandwidth.

Today, with synthesized signal genera-
tors, these mechanical systems are replaced
by voltage controlled oscillators (VCOs),
using tuning diodes or varactors. These are
reverse biased Si or GaAs diodes, which
become voltage dependent semiconductor
capacitors with a variation of up to 10 times
change of the capacitance. These oscillators
are built around printed circuits, which have
a Q of about 50 for the resonators. By apply-
ing modern 3D field theory of coupled lines
and resonators, these modern marbles now

realize a Q of up to 250, and compete well
with the previous mechanical designs. They
meet the stringent requirements of a mod-
ern wide tunable system with good phase
noise. Figure 11 shows the measured phase
noise of a modern coupled mode resonator
(line) based wide band VCO and Figure 12
shows the phase noise of a 1960 vintage tube
mechanically tuned oscillator (R&S). The
layout of the modern printed resonator using

this patented design is shown in Figure 13.>
6,7,8,9,10

For more details on these oscillators see
the references and www.synergymwave.
com.
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Figure 12 —Typical measured phase noise of a 1000 MHz 1960 vintage Rohde & Schwarz cavity stabilized tube oscillator. The two spurs

shown are picked up from broadcasting stations.

QEX - July/August 2008 45



Figure13 — Typical layout of the wideband VCO using modern printed coupled resonator (Synergy
Microwave Corp, USA).
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