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Abstract—In this work, the presence of an anomalous increase
of low-frequency noise associated with the initiation of the
oscillatory regime in Gunn diodes has been studied and
experimentally evidenced. When incipient instabilities begin to
appear in the device, its intermittent nature drastically enhances
the noise at frequencies well below that of the oscillation. For
higher bias voltages, the oscillation becomes purer and the
associated low-frequency noise disappears.

Keywords— Gunn devices; I1I-V semiconductor materials; low-
frequency noise; noise measurement.

I INTRODUCTION

Gunn diodes are commonly used as a source of high-
frequency oscillations in radiofrequency and microwave
systems. Recent works have shown their feasibility to operate
up to several hundreds of GHz[l]-[3]. Moreover, some
theoretical studies predict structures able to oscillate up to
THz frequencies [4].

Such devices present a threshold voltage above which the
oscillatory regime is activated. However, in the transition
between the static and dynamic states there exists an
intermediate bias range for which anomalous noise effects
appear at very low frequencies. For higher bias voltages, when
the oscillation is more stable, such noise disappears. This
effect has been observed in narrow-band measurements of
GaAs devices [5]-[6] and also reproduced by Monte Carlo
simulations for a variety of semiconductor materials (InN,
InGaAs, InP and GaN) [7]-[9].

The origin of such a critical enhancement of the low-
frequency noise is attributed to the coexistence of both
oscillatory and non-oscillatory states occurring with a random
period when the oscillation begins to be formed [10]. The aim
of this work is to provide an analysis of this phenomenon, by
combining results from both Monte Carlo simulations and
experimental measurements performed in InGaAs Gunn
diodes.

II.  MONTE CARLO SIMULATIONS

A one-dimensional InGaAs diode with an active region of
4 um length and doped 2x10'® cm™ has been simulated using a
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home-made software based on the Monte Carlo particle
method. The simulation makes use of a simplified model not
attempting to exactly reproduce the results of a real device.
Nevertheless, these results provide valuable information to
better understand the low-frequency noise mechanisms present
in a Gunn structure. Moreover, the ideality of the model
allows to associate the observed low-frequency noise response
directly with the Gunn effect, discarding other effects due to
non-idealities that may be present in an experimental setup
with real samples.

The simulated current spectral densities are plotted in
Fig. 1, for a frequency range between 1.5 and 150 GHz. When
no bias is applied to the device, the current density is flat and
corresponds to the thermal noise. For V=1.6 V the noise floor
grows up, and the oscillation peak begins to appear at around
50 GHz. For a voltage of 1.65 V the oscillation peak is clearly
observable, as well as its higher frequency harmonics, while at
low frequencies, a prominent noise hump appears,
concentrated below 10 GHz. In a final step, increasing the
voltage up to 1.7V makes the oscillation peak sharper;
however, the low-frequency hump vanishes at that point.

The behavior of the low-frequency current density as a
function of the bias voltage is represented in Fig. 2. As it can
be observed, a noticeable increase of the low-frequency noise
appears around V=1.65V. This point corresponds with the
appearance of the first oscillations in the device.
Subsequently, when the oscillation peak is well established for
higher voltages, such low-frequency noise disappears.

One of the main advantages of Monte Carlo simulations is
the acquisition of the instantaneous currents flowing through
the device in the time domain. This information is represented
in Fig.3, and can be used in this case to qualitatively
understand the device performance in the ranges previously
described. Firstly, for low voltages (i.e., V=1 V), no oscillation
is observed in the current, which corresponds with a constant
value in the noise spectrum (“static state”). For intermediate
voltages (i.e., V=1.65V), the device initiates an unstable
regime, but the oscillations are intermittent in time, as it can
be observed in the second plot of Fig. 3 (“noisy oscillations™).
The random period associated to such intermittences is what is
observed in form of noise increase at low-frequencies. Finally,
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for high voltages (i.e., ¥=2.5V) the current describes an
almost purely periodic signal, without any associated low-
frequency noise component in the frequency spectrum (“pure
oscillations”). Equivalent results were previously obtained by
others in the literature for different materials, as in the case of
[8] for GaAs and InP devices.
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Fig. 1. Simulated current spectral density of a InGaAs Gunn device for
different DC voltages.
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Fig. 2. Simulated noise spectral density as a function of the bias voltage in
the InGaAs Gunn device at 3 GHz.

III. EXPERIMENTAL MEASUREMENTS

In order to study the spectral characteristics of a real Gunn
device, measurements of the power spectral density of a set of
InGaAs planar diodes have been carried out for the wide
frequency range between 10 MHz and 43.5 GHz. The
measurements have been performed using a PNA-X N5244A
with Option 029 from Agilent Technologies [11]. The setup is
represented in Fig. 4. The connection to the devices is made
by means of a ground-signal-ground high frequency probe.
The devices are based on a structure equivalent to the one
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Fig. 3. Simulated current-time series of the InGaAs Gunn device for voltages
V=1 V (“static state”), V=1.65V (“noisy oscillations”) and V=2.5V
(“pure oscillations”).

presented in [1], with channel lengths around 3.1 um and
oscillations taking place at about 30 GHz. After a calibration
step, the losses of the coaxial cable and the probe are
eliminated from the measurement, so the reference plane for
the characterization is at the edge of the coplanar lines that
connects with the diode.

The results for a given device are shown in Fig. 5. When
no voltage is applied to the structure, the power spectra is flat,
with an approximate value of -174 dBm/Hz. That value
corresponds with the available power density due to thermal
noise of any passive device at 300 K [12]. For V=5V, the
noise floor increases and 1/f noise appears at lower
frequencies. For a voltage of V=5.5V an oscillation peak is
visible in the upper part of the spectrum. When the bias
voltage reaches 8 V, the oscillation peak is stablished at
around 30 GHz, and also a noise hump appears at around 400
MHz, well below the frequency of oscillation. This anomalous
low-frequency noise hump does not correspond to well-known
white or 1/f noise, since the frequency dependence is
completely different. For higher bias voltages, when the
oscillation peak is purer, the anomalous low-frequency noise
disappears.



2015 International Conference on Noise and Fluctuations (ICNF)

| PNA-X N5244

0OD00Oog
00000000
noon O
0oooo
ooooo

0oooooo

3

‘ O

| e |
. Reference plang i
N 1

~—
~

S11 + Power density

Fig. 4. Experimental setup for the measurement of the power spectral density
of the planar Gunn diodes.
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Fig. 5. Measured power spectral density of a 3.1 pm length planar Gunn
diode for different DC voltages.
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Fig. 6. Measured noise power spectral density as a function of the bias
voltage of the 3.1 um length planar Gunn diode at 400 MHz.

The evolution of the low-frequency noise, i.e., at
400 MHz, with respect to the bias voltage is presented in
Fig. 6. The behavior is equivalent to the one observed in the
simulations in Fig. 2. For low voltages, when the device is not
oscillating, the low-frequency noise presents low values. In
this case, it corresponds to 1/f noise, so the curve is roughly
proportional to the DC current. When the device begins to
present some high-frequency instabilities, the low-frequency
noise grows up two orders of magnitude due to the generation
of intermittent oscillations. Finally, for higher voltages, when
the oscillation is a stable periodic signal, the low-frequency
noise decays. An equivalent response was obtained in more
samples of similar lengths, demonstrating the repeatability of
the described phenomenon.

IV. CoNCLUSION

The presence of enhanced low-frequency noise associated
with the initiation of oscillations in Gunn devices has been
demonstrated. Both simulated and experimental results have
been provided to better understand the phenomenon. In
practice, this low-frequency noise effects can be used as
indicator to predict very high frequency oscillations in setups
where a direct detection is challenging, as in the case of
(sub-)THz systems.
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