


forward voltage restores the normal current/voltage relationship,
and the biasing of the device is critical.
A typical circuit diagram of a negative resistance oscillator using
a tunnel diode is given in Fig.la. The tuned circuit formed by coil
L1 and variable capacitor VC1 determines the frequency of oscilla-
tion, and the resistor network, R1 and VR1, reduces the voltage of
a single cell (B1) to the few hundred millivolts needed to bias tun-
nel diode D1 to the correct operating point. Preset potentiometer
VRI1 enables the bias voltage to be adjusted to suit different devices.
When working at medium and high frequencies, shunting the
diode with a trimmer capacitor, VC2, makes the circuit more will-
ing to oscillate. As the frequency of operation increases into the
v.h.f. and u.h.f. region, this component can be dispensed with.
Tunnel diodes are low-cost, low noise devices, capable of operat-
ing at very high speeds. When they were introduced in the late 50s
it was widely anticipated that, because of these attributes, they
would find wide application in the then new computer industry.
However, they have the disadvantage of low output voltage swing
and, being a two-terminal device, there is no isolation between
input and output and this causes circuit design problems. These
drawbacks, combined with the dramatic developments in transis-
tors, seem to have eased the tunnel diode into an early obsolescence.

MORE NEGATIVE

Following Esaki’s discovery of the tunnel diode, more work was
done during the 60s on the development of negative resistance
devices of this kind. Significant discoveries were made, and much
effort seems to have been expended on the invention of acronyms.

In 1964, American scientists, R. L. Johnston and B. C. de Loach,
working at the Bell laboratories, discovered the IMPATT (IMPact,
Avalanche, Transit Time) diode. The application of a d.c. voltage to
these devices results in the direct generation of microwaves.

Three years later, Americans, Prager, Chang and Weisbrod,
developed the TRAPPATT (TRAPped, Plasma, Avalanche, Transit
Time) diode. Comparatively high efficiencies were claimed for
these devices, but the maximum operating frequencies are some-
what lower than those achieved by the IMPATT diode.

In 1968, a British scientist, G. T. Wright, described a new nega-
tive resistance microwave device which he called the BARITT
(BARier controlled Injection and Transit Time delay) diode.
Capable of operating in the microwave region, the BARITT diode
shares the low-noise, low-cost advantages offered by other semi-
conductor structures of this kind.

Although the physics of these devices is extremely complex, they
all depend for their operation on the creation of negative resistance,
a phenomena first exploited more than half a century earlier. They
are not readily available to the home constructor, but any reference
to negative resistance oscillators would have been incomplete with-
out a brief mention being made of them.

Ordinary transistors can, however, be persuaded to operate in this
way, and a number of circuits will now be considered.

50kHz OSCILLATOR

It is not too widely known that the emitter/collector structure of
some small signal transistors can be made to display a pronounced
negative resistance characteristic. A circuit which exploits this is given
in Fig.2a, where the emitter/base/collector junctions of an npn bipolar
transistor are connected across a power supply via load resistor R2 and
a voltage divider chain comprising preset VR1 and resistor R1.

The characteristic curve of the semiconductor structure is shown
in Fig.2b, and the device can be set around the mid-point by means
of VR1. No connection is made to the base (b) of the transistor, and
the polarity of the supply voltage has to be reversed (supply posi-
tive to the emitter (e) of an npn transistor).

The impedance of the semiconductor is low, and it is best suited
to maintaining oscillations in a series tuned circuit which has a
matching low impedance at resonance. Accordingly, the tuned cir-
cuit is formed by capacitor C1 in series with coil L1, and the com-
ponents specified in Fig.2a can be made to resonate at 50kHz.

The output signal is taken from across the coil via coupling
capacitor C2. Oscillation continues to be maintained when the out-
put is fed into an impedance as low as 4-7 kilohms, but signal volt-
age is reduced and preset VR1 has to be set very precisely.

If possible, the input impedance of the accepting circuit should
be at least 100 kilohms and, preferably, 470 kilohms. The value of
capacitor C2 should be as low as possible consistent with the deliv-
ery of sufficient output.

Output and waveform quality depend, to a considerable extent,
on the L/C ratio of the tuned circuit. Formulae relating inductance,

Everyday Practical Electronics/ETI, October 1999

A 50kHz OSCILLATOR

The 50kHz negative resistance oscillator is the simplest and, at
the same time, the most unusual oscillator in the series. lllustrated
in Fig.2, and relying on the semiconductor junctions within a tran-
sistor to create negative resistance, it has something in common
with Esaki’s tunnel diode.

The circuit will oscillate vigorously from low audio frequencies to
more than 100kHz and, when carefully adjusted, will produce a
good output waveform. Its characteristic curve (Fig.2b) clearly dis-
plays falling voltage with rising current.

100kHz TO 10MHz OSCILLATOR

The two-transistor circuit shown in Fig.3 uses changing bias volt-
ages on a directly-coupled pair of transistors to create the rising
current/alling voltage characteristic associated with negative resis-
tance. It will oscillate from low audio frequencies to around 10MHz,
and is tolerant of high values of capacitance in the tuned circuit.

Waveform quality is reasonably good provided the controls are
set to ensure that the output does not exceed 3V r.m.s. The inter-
nal capacitance of the circuit is relatively high, and this will slightly
curtail the frequency coverages of the coil and capacitor combina-
tions scheduled in Table 1.

capacitance and frequency were given in Part One (see also Part
Three), and the tuning capacitor values suggested there would
ensure good results with this circuit. Electrolytic components can
be used to provide the comparatively high values of capacitance
required for tuning below 100Hz without there being any percepti-
ble deterioration in performance.

The circuit will oscillate vigorously from the lowest audio frequen-
cies to around 150kHz, but 100kHz should be taken as the upper fre-
quency limit for reliable operation. With a reasonable L/C ratio in the
tuned circuit, careful adjustment of preset VR1 will produce a perfect
sinewave output in the region of 5V rm.s. Current flow through the
device is a little more than 4mA when the circuit is oscillating.

All of the transistors listed in Fig.2a will oscillate reliably up to
100kHz, but the various specimens of BC237 and 2N3707 tried pro-
duced the greatest output. Readers who wish to experiment with
this circuit will be assured of good results if they start by using one
or other of these devices.
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Fig.2a. Circuit diagram for a 50kHz Negative Resistance
Oscillator. This circuit exploits the negative resistance char-
acteristic within a transistor. Note that the emitters of npn-
transistors must be connected to supply positive for this cir-
cuit to function. The current/voltage characteristics of an npn
transistor connected as shown is given in (b).
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