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Abstract— In this work, the presence of anomalous low-
frequency noise effects in Gunn diodes has been studied
and evidenced. Near the onset of Gunn instability, there is
a limited range of bias voltages for which the noise
significantly increases at frequencies well below the
frequency of oscillation. For higher bias voltages, the
oscillation becomes purer and such low-frequency noise
drastically vanishes.
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I. INTRODUCTION

Gunn diodes have been commonly wused in the
implementation of microwave oscillators. Nowadays, due to
the advances in fabrication techniques and semiconductor
materials, Gunn devices working up to several hundreds of
GHz can be found in the literature [1]-[3], and even some
recent studies predict structures and topologies prospectively
able to oscillate at THz frequencies [4].

A Gunn diode oscillates when a bias voltage above certain
threshold is applied to the device. However, between the
initial static state and the generation of a purely periodic signal
there exists a voltage range for which incoherent fluctuations
appear. In the last case, when uncorrelated instabilities are
formed, one of the effects that can be observed is an
anomalous increase of the noise at very low frequencies.
Moreover, this anomalous low-frequency noise disappears at
higher bias when the oscillation peak is well established. This
phenomenon was reported decades ago in some experimental
works based on GaAs devices [5]-[6], although restricted to
measurements in a very limited frequency range. More
recently, the study of the low-frequency noise preceding the
Gunn oscillations is found potentially useful for the
characterization of mm-wave and THz Gunn sources. In this
line, the effect has also been reproduced using Monte Carlo
particle simulations for a variety of devices working above
100 GHz, including InN, InGaAs, InP and GaN diodes [7]-[9].

The origin of such critical enhancement of the low-
frequency noise is attributed to the existence of intermittent
oscillations for a given range of voltages, preceding the
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formation of a coherent oscillation. In other words, the
coexistence of both oscillatory and non-oscillatory states
occurring with a random period leads to an anomalous
increase of the low-frequency noise at the onset of the pure
oscillation [6],[10]. The objective of this work is to analyze
this phenomenon in more detail by combining both Monte
Carlo simulations and experimental measurements performed
with InGaAs diodes.

II. MONTE CARLO SIMULATIONS

In a first approach, the noise characteristics of a Gunn
diode have been studied by means of a home-made software
tool based on the Monte Carlo particle method. The simulated
device is a one-dimensional InGaAs diode, with an active
region of 4 pm length and doped 2x10'® cm™. A notch has
been introduced at 1 pm distance from the cathode to facilitate
the formation of the oscillatory domains.

The simulated current spectral densities for different DC
voltages are shown in Fig. 1. The fundamental frequency of
oscillation is around 50 GHz. When no bias is applied to the
device, the spectrum is flat and corresponds to thermal noise.
For a bias voltage V'=1.6 V, the power begins to concentrate
around the oscillation frequency. At the same time, the flat
noise density at lower frequencies also increases due to
thermal effects. When a voltage of 1.65 V is applied, the
oscillation peak appears much clearer, whereas a prominent
noise hump arises at low frequencies. Further increasing of the
bias voltages makes the oscillation peak sharper. However, the
low-frequency noise hump counterintuitively disappears.

The phenomenon of interest can be clearly appreciated in
Fig. 2. In the graph, the current noise density obtained at 3
GHz (low-frequency) for different bias voltages has been
plotted. In a narrow range between 1.6 V and 1.65 V, when
the high-frequency instabilities appear, the low-frequency
noise rapidly grows up. Above this range, the oscillation is
well established and the low-frequency noise abruptly
vanishes. Despite its simplicity, these simulation results are
very illustrative since they allow us to determine that the
previous effect is not due to non-idealities in the physical
device or issues related with an experimental setup, but
inherent to the mechanisms present during the origination of
the Gunn fluctuations.
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Fig. 1. Simulated current spectral density of a 1D InGaAs Gunn device for
different DC voltages.
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Fig. 2. Simulated noise current spectral density of the 1D InGaAs Gunn
device at 3 GHz.

III. EXPERIMENTAL MEASUREMENTS

In order to experimentally validate the previous results, the
power spectra of a set of Gunn diodes have been measured
using a vector network analyzer with noise measurement
capabilities, model PNA-X N5244A with Option 029 from
Agilent Technologies, in the frequency range between 10
MHz and 43.5 GHz. This equipment allows acquiring the
output power density from an electronic component in a wide
frequency range and with high levels of accuracy and
sensitivity [11]. The devices are InGaAs planar diodes, based
on a structure similar to the one presented in [1]. A scheme of
the measurement setup is depicted in Fig. 3. The reference
plane is placed at the end of the access coplanar transmission
line after a proper calibration step. It means that the losses due
to the probe and the cable are not taken into account in the
results.

The measured power spectra of a diode with 3.1 um
channel length are shown in Fig. 4. The frequency of
oscillation, which is proportional to the length of the device,
corresponds to 30 GHz in this case. When there is no current
in the device the output is flat. As it is expected, the power
density is approximately -174 dBm/Hz, which corresponds
with the thermal noise of a passive device at 300 K [12]. Up to
V=5 V, due to the current flowing through the device, both flat
and 1/f noise progressively increases. At V=5.5 V some
instabilities begin to appear in the upper part of the graph.
Close to V=8 V, when the oscillation peak begins to be
formed, a noticeable noise hump appears in the low part of the
spectrum at around 400 MHz. It is remarked that such noise
does not correspond to the well-known thermal or Flicker
types, since its behavior and frequency dependence is of a
completely different nature. Above this threshold, for V=8.7
V, the maximum power of the oscillation increases, but the
low-frequency noise hump disappears.

The noise power density as a function of the voltage is
represented in Fig. 5 for the frequency of 400 MHz, where the
anomalous noise hump presents the maximum. The response
is in essence equivalent to the one obtained from simulations
in Fig. 2. In a first range, below /=6 V, the diode does not
oscillate and the low-frequency noise is of 1/f nature, showing
a response proportional to the bias current. In the subsequent
region, that can be established up to V'=8.5 V, the device begin
to present some high-frequency instabilities. In such regime,
the anomalous low-frequency noise hump grows up to almost
two orders of magnitude over the 1/f noise level, due to the
presence of incoherent high-frequency fluctuations. In the last
region, above J=8.5 V the oscillation is purer and the low-
frequency noise level significantly decays.

Finally, it must be noted that an equivalent response has
been found in more samples of similar length. As far as the
device oscillated, a noise hump with more or less magnitude
appeared for certain range of voltages. In other cases, probably
due to manufacturing defects, the devices did not oscillate but
only thermal and 1/fnoise effects were observed.
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Fig. 3. Measured noise power spectral density of the 3.1 pm length planar
Gunn diode at 400 MHz.
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Fig. 4. Measured power spectral density of a 3.1 um length planar Gunn
diode for different DC voltages.
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Fig. 5. Measured noise power spectral density of the 3.1 um length planar
Gunn diode at 400 MHz.

IV. CONCLUSIONS

The presence of a type of low-frequency noise during the
initiation of oscillations in Gunn devices has been thoroughly
analyzed. Both simulated and experimental results exhibit a
similar behavior and have been useful to further understand
the noise mechanisms that are present in Gunn diodes at the
onset of oscillations. In practice, this knowledge can be used
as an indirect method to predict higher-frequency oscillations

in setups where a direct detection is a complicated challenge,
as in the case of (sub-)THz Gunn oscillators
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