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This work investigates the noise characteristics of filamentary- and interfacial-type resistive random-

access memory devices in a single material system based on La,NiO, s, using low-frequency noise
2 445

spectroscopy across different resistance states, read voltages, and device sizes. We observe a clear

difference in the noise properties of the two device types: (i) filamentary devices exhibit overall elevated
noise levels compared with the interfacial ones, (ii) the relative noise magnitude between high (HRS) and
low resistance states (LRS) in the two device types is inverted: elevated noise is present in the HRS of
filamentary devices and in the LRS of interfacial ones and vice versa, (iii) no area dependence of noise

properties is observed for the filamentary devices, whereas interfacial devices show a size-dependent

frequency exponent and noise magnitude scaling. For both switching mechanisms, a systematic two-stage

noise suppression with increasing read voltages is observed, which is found to be correlated with the

transition from ohmic to space-charge-limited conduction. Our study links noise characteristics to the

underlying switching and conduction mechanisms of oxygen vacancy migration-based memories.

DOI: 10.1103/z81t-dr2y

L. INTRODUCTION

With the explosive growth of digital data and accel-
erated development of artificial intelligence, significant
demands have been imposed on the capacity of data
storage, computational speed, and energy efficiency [1].
However, the traditional von Neumann architecture is
approaching its fundamental limitations. Therefore,
memory technologies capable of supporting in-memory
computing [2] and neuromorphic computing [3-5] are
highly sought after to overcome this bottleneck. Among
emerging memory technologies, resistive random-access
memory (RRAM) is considered a promising candidate
for nonvolatile memory, taking advantage of its superior
scalability, low power consumption, fast switching,
and complementary metal-oxide-semiconductor (CMOS)
compatibility [6]. The functional oxide layer can be
selected from binary oxides such as HfO,, TiO,, Ta,0;,
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and Y,0; [7-10]. In addition, ternary perovskite oxide
materials such as SrTiO;, LaMnOs;, Prj; Cay3MnO;, or
LayNiO,4, 5 [11-14] have demonstrated promising stable
resistive switching behavior.

As a mixed ionic electronic conducting oxide,
La,NiO,_ ; exhibits excess oxygen and can accommodate
a wide range of oxygen stoichiometries. Additionally,
long-term potentiation/depression (LTP/LTD) and spike-
timing-dependent plasticity behaviors have been demon-
strated in La,NiOy, s-based RRAM devices, making them
a promising candidate for artificial synapses in neuro-
morphic architectures [15]. Previously, a postannealing
process has been shown to effectively tune the resistivity
of the La,NiOy4, s film and modify the switching mode of
La,NiO,, 5-based RRAM devices [16]. Annealing in an
inert (Ar) atmosphere increases the initial resistance of the
device, resulting in filamentary switching behavior with a
soft forming. In contrast, annealing in an oxidizing (O,)
atmosphere enhances the film’s conductivity and leads to
forming-free switching with the LRS and HRS resistances
showing a device area dependence, indicating interfacial-
type switching. Although both switching modes exhibit
resistive switching behavior, their underlying mechanisms
are fundamentally different.

In filamentary-type RRAM, a conductive filament
forms within the oxide layer, where resistive switching

Published by the American Physical Society
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is achieved through the filaments’ growth and rupture [17].
Because of the filamentary nature of this switching
mechanism, no significant variance in resistance is
expected for differing electrode areas [18]. In contrast,
interfacial-type RRAM operates without the formation of
localized conductive paths. Instead, resistive switching is
predominantly governed by the migration of oxygen ions,
which modulate the potential barrier at the metal-oxide
interface [3]. Typically, a gradual switching is observed in
interfacial-type switching, making them suitable for ana-
log applications [19,20]. In both switching modes, oxygen
vacancies and oxygen interstitials play a critical role in
device operation. However, these oxygen species also act
as trap sites within the device [21,22]. Electron capture and
emission at these traps induce two-level current fluctua-
tions, so-called random telegraph noise (RTN), where the
superposition of many such fluctuators results in 1/ f-type
noise, ultimately degrading signal stability. Additionally,
trap redistribution driven by thermal effects or electric
stress during readout causes current variations, further
increasing the overall noise level. Both processes contrib-
ute to reliability and variability issues of RRAM, posing
significant challenges for its practical application [23].

Fluctuation (noise) spectroscopy [24] is an essential
nondestructive tool for recording noise characteristics of a
signal, probing conduction dynamics and trap states and
providing valuable insight into trap-mediated fluctuations
during device operation. This in turn helps to a deeper
understanding of conduction mechanisms, switching
dynamics, and trap-related activities in RRAM devices
[25-28]. In this study, low-frequency noise (LFN) mea-
surements are employed on devices presenting two differ-
ent switching modes, aiming to systematically compare
noise characteristics of filamentary- and interfacial-type
RRAM across various parameters.

II. EXPERIMENTAL

The memristive devices investigated in this study adopt
a typical metal-insulator-metal architecture consisting
of TiN(100 nm)/TiN,O;_,(2-3 nm)/La,NiOg4, 5(30 nm)/
Pt(100 nm) layers, as illustrated in Fig. 1. Following the
sputtering of the Pt bottom electrode, a 30-nm-thick
La,NiO,4, s was grown by pulsed-injection metal-organic
chemical vapor deposition. Both samples studied in this
work were fabricated from the same deposition batch
under identical deposition conditions, thereby minimizing
sample-to-sample variations arising from the deposition
process. The detailed deposition parameters can be found
in the previous work [15]. After deposition, both samples
are postannealed under different atmospheres, resulting in
either filamentary-type (in Ar) or interfacial-type (in O,)
switching devices [16]. Device patterning was performed
using laser lithography (Heidelberg Instruments pPG 101),
followed by the deposition of a 100-nm-thick TiN layer
by reactive sputtering. The subsequent lift-off process
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FIG. 1. Schematic representation of the two-terminal dc
current noise measurement setup. A Keithley 2612 is used to
apply a bias voltage to the device under test (DUT). The current
signal is then amplified by a Keithley 428 current amplifier and
transformed into a voltage signal. A National Instruments data
acquisition card is used to record the signal before being
transferred to a PC, where it can be further processed to obtain
the noise spectra. A schematic representation of the DUT stack is
displayed below the block diagram.

enabled the fabrication of devices with well-defined lateral
dimensions ranging from 50 x 50 to 100 x 100 pm?.
A thin TiN,O,_, interlayer spontaneously forms at the
interface between the La,NiO,, 5 and TiN layers after the
sputtering of the TiN top electrode [15].

Before LFN investigation, DUT is precharacterized and
prepared with a Keithley 4200 semiconductor characteri-
zation system. For devices with a lateral dimension of
50 x 50 pm?, the filamentary-type devices exhibit an
initial resistance of approximately 155 kQ, whereas the
interfacial-type devices show an initial resistance of
approximately 5 kQ (Vg = 0.1 V). The higher initial
resistance of the filamentary-type devices is attributed to
the lower hole carrier concentration and the expected
higher work function of the La,NiO, 4 film with lower
oxygen content [16]. Resistive switching was subsequently
initiated by applying bipolar current-voltage (I —V)
switching cycles, with the voltage swept according to
the sequence 0, +V, 0, —V, 0. For the filamentary-type
devices, a maximum voltage of +2.7 V was applied,
resulting in mean LRS and HRS resistance values of
approximately 2 and 55 k€, respectively (V e.q = 0.1 V).
For the interfacial-type devices, a slightly higher maxi-
mum voltage of +3.3 V was used to achieve reliable
switching, resulting in mean LRS and HRS resistance
values of approximately 2.5 and 30 kQ, respectively. The
compliance current for both samples was limited to 0.1 A.
The detailed electrical characteristics of the two switching
types have been systematically compared and discussed in
our previous work [16]. Then, by utilizing a two-terminal
LFN measurement setup, fluctuating current signals are
recorded for noise investigation. Before each noise meas-
urement, 3—5 switching cycles were performed for proper
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device initialization. The DUT was subsequently pro-
grammed into the LRS or HRS by applying the corre-
sponding set (negative) or reset (positive) voltage sweep.
The use of an identical layer stack for both switching
modes thereby allows for a direct comparison of their noise
behavior. As shown in Fig. 1, during LFN measurement,
bias voltages are applied using a Keithley 2612 source
meter connected to the DUT. Current signals from the
DUT are then amplified through a Keithley 428 current
amplifier and converted into voltage signals. These voltage
signals undergo digitization via an NI data acquisition
card before being transferred to a PC for computational
analysis, allowing extraction of noise spectra and ampli-
tude characteristics [29]. Readout voltages ranging from
50 to 1000 mV are applied to study the bias dependence of
the noise behavior. Additionally, devices of multiple lateral
dimensions, spanning 50 x 50, 70 x 70, 85 x 85, and
100 x 100 pm?, are analyzed.

A. Noise spectroscopy

Noise spectroscopy is a sensitive technique to study
low-frequency dynamics of charge carriers in condensed
matter systems. Usually, for a noisy voltage or current
signal in the time domain, §V(¢) or 51(¢), the noise power
spectral density (PSD) Sy ;(f), is calculated. It quantifies
how much power is associated with different parts of
the frequency spectrum and is the Fourier transform of
the system’s autocorrelation function which describes the
microscopic kinetics of the charge carriers coupled to
equilibrium and nonequilibrium thermodynamic fluctua-
tions [24]. Considering current fluctuations, S;(f) is
defined as

2

: 1 T2 —i2nft
S;(f) = 2lim T /T/2 5I(t)e dr| , (1)

where 61(t) = I(t) — (I) represents the fluctuation part of
the current signal.

In many materials, the observed noise follows a 1/f*
dependence (so-called 1/ f-type noise), often modeled as a
superposition of independent two-level fluctuators (RTN).
Each individual fluctuator contributes a Lorentzian-shaped
spectrum:

4t

Si(f) = <(51)2>W’

2)

where 7 is the characteristic (effective) time constant of
the process related to the so-called corner frequency
by 2zf. = 1/7. A superposition of Lorentzian spectra,
Eq. (2), with a distribution of time constants D(z) = D/
(corresponding to a uniform distribution of energies in
thermally activated switching processes) would result in a
pure 1/f spectrum:

T 1 81)*)D
) = 4@y [y e (TR0
(3)

for 227, < 1 K 27f 1, Shifts of spectral weight of
S(f) &« 1/f* to higher and lower frequencies with a < 1
and a > 1, respectively, often result from a nonuniform
distribution of activation energies.

B. Fitting noise spectra

For practical analysis, see [29], measured time signals
are converted into spectral data following the definition of
the PSD, Eq. (1). For this process, time data are binned into
multiple sections before being transformed to get an
average PSD for each frequency window, with an upper
limit of 250 Hz and a lower limit defined by the
measurement time divided by the number of bins. The
resulting S(f) is typically plotted in a double-logarithmic
representation.

If the spectrum is of 1/f-type without a dominant
Lorentzian contribution, it is fitted with a linear function
in logarithmic space, assuming S(f) « 1/f* dependence:

log S(f) = —alog f + A, 4)

where A is a constant representing the noise magnitude
at 1 Hz.

If a single two-level fluctuator dominates the noise PSD,
a Lorentzian spectrum becomes superimposed on the
underlying 1/f-type behavior, which requires two more
fitting parameters, namely the noise magnitude and effec-
tive frequency (corner frequency f,.) of the two-level
process.

III. RESULTS AND DISCUSSION
A. LFN read voltage scaling

Aiming at a systematic investigation of the voltage-
dependent noise behavior, current signals are each
recorded for 30 min at eight different readout voltages
(V1eaq)> ranging from 50 to 1000 mV, for both HRS and
LRS. For both types of samples, the normalized noise
level, here expressed as S;/I?, exhibits a similar down-
scaling trend with voltage. The noise spectra of a fila-
mentary-type device in the HRS are shown as a
representative example in Fig. 2(a). Since most devices
exhibit 1/f*-type low-frequency noise spectra, PSD at
1 Hz is extracted to quantify the noise magnitude at a given
operating state. By plotting S;/I?(f = 1 Hz) as a function
of voltage on a double-logarithmic scale, a general two-
stage voltage dependence can be observed for both
HRS and LRS for both switching mechanisms [Figs. 2(b)
and 2(c)]. The noise amplitude initially decreases moder-
ately at lower voltages. After a characteristic kink point at
around 200 mV, the noise level decreases more strongly.
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FIG. 2. (a) Representative noise spectra at eight readout
voltages in HRS of a filamentary-type sample with a size of
50 x 50 um?. Voltage dependence of S;/1? (1 Hz) for (b) fila-
mentary-type switching and (c) interfacial-type switching in both
states. Double-logarithmic plots of I —V characteristics in
positive polarity within the noise measurement window for
(d) filamentary-type switching and (e) interfacial-type switching.
The values near the curves denote the slope of the line fitted to
the curve for each section. The dashed line marks the character-
istic transition point at 200 mV, highlighting the clear correlation
between the noise magnitude and conduction mechanism.

Remarkably, the scaling tendency of noise exhibits a clear
correlation with the conduction mechanism of both sam-
ples. As shown in Figs. 2(d) and 2(e), the current-voltage
(I — V) characteristics in the positive polarity plotted on a
double-logarithmic scale show good agreement with the
space-charge-limited-conduction (SCLC) model for both
samples [30]. The full range I —V curves of the two
samples are displayed in Supplemental Material [31]. For
both samples, a gradual transition from ohmic conduction
(I x V) to trap-controlled SCLC conduction (/ o« V" with
m > 2) appears at around 200 mV, suggesting a gradual
filling of the exponentially distributed trap states in the
bandgap with increased bias [32-34]. The larger exponent
(slope m) in the interfacial-type devices further suggests a
more progressive trap filling with increased voltage. For
the noise amplitude, the coincidence of the transition from
ohmic conduction to trap-controlled SCLC with the more

strongly decreasing noise level indicates a trap-dominated
behavior for both filamentary- and interfacial-type sam-
ples. Within the ohmic conduction region, the trap-filling
effect is minimal, and consequently, no significant varia-
tion of the noise level can be detected. At higher voltages,
however, continuous trap filling in the trap-controlled
SCLC region reduces the density of active trap states,
thereby lowering the probability of electron capture. As a
result, the noise level decreases more strongly with
increasing voltage. Evidently, the bias scaling of the noise
magnitude is even more pronounced in the interfacial-type
sample, consistent with the steeper slopes in the I —V
curves, indicating a more progressive reduction in the
effective trap density in this sample. The observed corre-
lation between the noise-scaling behavior and the con-
duction mechanism highlights LFN characterization as an
effective tool for investigating the electronic conduction
properties of RRAM devices.

B. Switching mechanisms and noise amplitude

In Figs. 3(a) and 3(b), the noise spectra of two switching
modes are compared at three different voltages (150, 300,
and 500 mV) in both HRS and LRS obtained in devices
with an electrode area of 50 x 50 pm?. In both states, the
filamentary-type devices show an overall higher noise
amplitude compared with interfacial-type devices.

As discussed in the previous section, the dominant noise
in both samples is caused by trap-related phenomena.
Electron capture and emission at trap sites lead to the
formation and release of Coulomb blockade regions,
which in turn lead to pronounced conductance fluctuations
[35]. However, not all traps within the device contribute to
the conductance fluctuation equally. The most significant
fluctuations originate from traps in close proximity to the
conduction pathway. In the case of filamentary-type
switching, a localized narrow conductive filament forms
within the oxide layer, which is more sensitive to local
disturbances [36]. As illustrated in Fig. 3(e), once a trap is
filled in the vicinity of the filament, the resulting Coulomb
blockade effect can directly influence the overall con-
duction by partially or even completely obstructing the
conduction path. Electron capture and emission in such
traps result in substantial fluctuations of the total con-
ductance. Contrary to filamentary-type devices, in inter-
facial-type switching, conduction takes place uniformly
throughout the entire device [Fig. 3(f)]. Therefore, current
disturbances caused by individual contributors are less
pronounced, resulting in an overall lower S;/I%, since
uncorrelated fluctuations in different paths with no
common segment more likely cancel each other out on
average [24].

Additionally, the values of S;/I?>(f = 1 Hz) in HRS and
LRS are compared in Figs. 3(c) and 3(d), revealing
different relationships for the two switching modes. In
filamentary-type devices, a higher noise amplitude is
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FIG. 3. Comparison of noise spectra for filamentary-type
(Ar-annealed) and interfacial-type (O,-annealed) switching at
150, 300, and 500 mV in (a) HRS and (b) LRS measured in
50 x 50 um? devices. Comparison of S;/I?(f = 1 Hz) between
HRS and LRS for (c) filamentary-type and (d) interfacial-type
switching. At each resistance state, at least four devices were
measured for both samples, with the error bars indicating the
device-to-device variations. Simplified schematic illustration of
the (e) filamentary-type and (f) interfacial-type switching
mechanism in TiN/La,NiO,,s/Pt devices. The red arrows
indicate the conduction pathways for each switching type.
The white spheres represent the oxygen vacancies and green
the oxygen interstitials. Active traps influencing conduction are
depicted in orange, with dashed circles denoting the Coulomb
blockade region they induce.

detected in the HRS compared with the LRS [Fig. 3(c)].
This observation has been consistently reported in fila-
mentary-type RRAM devices in various material systems
[26,37,38] and is commonly attributed to the formation of
a gap between the filament and the electrode [Fig. 3(e)].
Different from LRS, the primary origin of noise in the
HRS is believed to be the presence of random hopping
pathways within the gap, significantly increasing the
stochasticity of charge transport [39]. As a result, the
current signal shows a higher instability compared with
the LRS. In contrast, in interfacial-type devices, the
redistribution of oxygen species during switching leads
to variations in the probability of electron capture. As
illustrated in Fig. 3(f), during the “set” process, oxygen
ions migrate back into the La,NiO, 5 layer, increasing the
density of oxygen vacancies within the TiN,O;_, layer.
The accumulation of both, oxygen vacancies in TiN,O;_,
and oxygen interstitials in La,NiO,, s, decreases the series

resistance of the devices, which drives the device from the
HRS into the LRS [33]. However, a substantial increase of
trap density within the current path greatly increases the
likelihood of charge capture. Therefore, the LRS exhibits
significantly higher noise than the HRS in interfacial-type
devices. The observed difference in noise amplitudes
between resistance states of filamentary and interfacial
RRAM devices is consistent with our understanding of
the two distinct switching mechanisms and the major
noise sources.

C. LFN area dependence

LFN is investigated for both switching modes in devices
with various top electrode lateral dimensions, ranging
from 50 x 50 to 100 x 100 pm?. In Fig. 4, representative
noise spectra of different device sizes in both HRS and
LRS are shown for V.4 =300 mV. As for the area
scaling, the noise amplitude of filamentary-type switching
shows minimal to no dependence on device area [Figs. 4(a)
and 4(b)], with an overall 1/f* noise with a close to 1 in
both states. Such consistent noise characteristics, including
noise amplitude and frequency scaling behavior, observed
across various sizes of filamentary-type devices strongly
support the localized nature of conduction. As the geom-
etry of a localized filament is independent of the devices’
lateral dimensions, electrode area scaling does not alter the
amount or nature of traps affecting the conduction, thereby
leaving the overall noise characteristics unaffected. In
contrast, noise in interfacial-type devices exhibits a clear
area dependence. As seen in Figs. 4(c) and 4(d), the
normalized noise level S;/I?(f) of the interfacial-type

50 x 50 pm?
——— 70X 70 ym?
85 x 85 um?
—— 100 x100 pm:

108 (Ar) filamentary-type

1If 1If
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FIG. 4. Noise spectra for different device sizes for the (a) LRS
and (b) HRS of the filamentary-type devices and for the (c) LRS
and (d) HRS of the interfacial-type devices. In each panel,
spectra from two separate devices are shown for each of the four
device sizes (50 x 50, 70 x 70, 85 x 85, and 100 x 100 pmz),
demonstrating good measurement reproducibility. The reference
lines of 1/f and 1/f% serve as intuitive indicators of the
frequency dependence V,.,q = 300 mV.
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FIG. 5. Area dependent noise characteristics of filamentary-type (Ar-annealed) and interfacial-type (O,-annealed) devices:

(a) S;/I*(1 Hz) vs voltage in HRS of different device sizes. (b)-(e) Extracted frequency exponent a vs voltage for different device
sizes of filamentary-type (Ar-annealed) and interfacial-type (O,-annealed) devices in both HRS and LRS.

sample scales inversely with an increase in device size in
both states. Notably, while the slope of the spectra remains
similar in the LRS, a larger frequency exponent «, corre-
sponding to a shift of spectral weight to lower frequencies,
is observed in devices larger than 50 x 50 um? in the HRS.
The area-dependent decrease of the noise amplitude is also
found in other material systems such as TiO, /HfO, bilayer
RRAM [26] and can be explained by the bulk effect.
The increased conductivity in larger devices dilutes the
relative impact of individual fluctuators on the total con-
ductance, which, in turn, reduces the overall noise ampli-
tude. Simple statistical considerations predict an inverse
scaling of the magnitude of the fluctuations with the size of
the system [24]. However, this apparent noise suppression
with increasing device sizes seems to become diminished as
the device size approaches 100 x 100 pm?. This could be
related to the similar resistances of devices of size 85 x 85
and 100 x 100 pm? [16].

In Fig. 5, the statistical evaluation of the noise PSD and
the frequency exponent « is presented, where both param-
eters of various device sizes are plotted as a function of
Vieaq- Figure 5(a) shows the PSD comparison for both
samples in the HRS; the corresponding results for devices
in the LRS are provided in Supplemental Material [31].
Here, a systematic reduction of the normalized noise
magnitude is observed with increasing bias for both device
types. In combination with the conduction mechanism
analysis presented in Sec. III A, an optimal read voltage
window for maximum noise suppression and minimal
power consumption can be determined, which is in this
case in the range of approximately 200-500 mV. In
addition, a roughly constant frequency exponent, for
V eaq between 50 and 1000 mV, is observed in the HRS
of filamentary-type devices, as shown in Fig. 5(b). As the
value of « is directly linked to the energy distribution of
traps, the rather similar « values for different filamentary-
type device sizes imply that neither V.4 nor device size
alters the energy distributions of traps in the HRS. In an

ideal system with a broad and uniform distribution of time
constants, noise magnitude scales linearly with inverse
frequency, with a equal to 1. With slower (faster) fluc-
tuation events becoming dominant in a system, an increase
(decrease) of low-frequency components leads to a steep-
ening (flattening) of the spectrum, where a > 1 (a < 1).
The increase of a observed in the LRS at higher voltages,
for both the filamentary- and interfacial-type devices
[Figs. 5(d) and 5(e)] can therefore be attributed to a small
but measurable shift in energy distribution D(E) after
progressive trap filling at elevated bias, as discussed in
Sec. III A. Another possibility could be the promoted
migration of oxygen species at higher voltages, which
could affect D(E). Furthermore, in the HRS of interfacial-
type devices, a shows an additional overall increase
with device size, approaching 1.4 for the largest device
(100 x 100 pm?). This increase reflects an enhanced
spectral weight at low frequencies and a stronger con-
tribution of low-frequency fluctuations in the larger
interfacial-type devices. Moreover, these slower fluc-
tuation events are playing a more dominant role in the
HRS compared with the LRS. This observation may be
associated with oxygen species diffusion and redistribu-
tion, which introduce longer characteristic time constants,
resulting in enhanced low-frequency spectral weight in the
HRS. In contrast, transport in the LRS may be dominated
by more localized trapping and detrapping events with a
homogeneous distribution of time constants, giving rise to
a frequency dependence closer to conventional 1/f noise.

IV. CONCLUSION

In this study, we carried out a systematic comparison of the
noise behavior in filamentary- and interfacial-type memris-
tive devices in a single material system based on La,NiOy_ 5.
By changing the annealing atmosphere, either filamentary-
(Ar-annealing) or interfacial-type (O,-annealing) switching
is induced. Electronic fluctuations were investigated in both
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device types as a function of lateral device sizes, readout
voltages, and resistance states.

The two switching mechanisms display distinctly differ-
ent noise characteristics. The narrow, localized conduction
path in filamentary devices is more sensitive to local
disturbances, thereby leading to an overall higher noise
magnitude in both HRS and LRS as compared with
interfacial devices. Also, due to the different distribution
of traps with respect to the conduction path(s) in the two
device types, we observe an opposite relation between the
relative noise magnitude in the HRS and LRS. In fila-
mentary-type switching, noise is enhanced in the HRS due
to the formation of an insulating gap in the conduction
path. In contrast, in interfacial-type devices the increased
density of oxygen vacancies and oxygen interstitials within
the layer stack enhances the probability of electron
trapping and detrapping, resulting in a higher noise
magnitude in the LRS. Moreover, the filamentary devices
show no electrode area dependence in either the noise
magnitude or the frequency exponent, while a clear inverse
scaling of the normalized noise PSD with device size is
observed in interfacial-type devices at all measured volt-
ages. For both switching types, the LRS exhibits similar
frequency exponents across various voltages, whereas in
the HRS, slightly enhanced values of « in larger inter-
facial-type devices suggest a shift in the dominant noise
source toward slower fluctuation events.

In addition, we show that the change in noise behavior
of both device types, namely a two-stage scaling of the
noise amplitude with the readout voltage, can be correlated
with the transition from ohmic to SCLC conduction
mechanism. A clear voltage scaling of noise amplitude
highlights the connection between conduction mechanism
and noise characteristics of RRAM devices. Furthermore,
the systematic reduction of the noise levels in the HRS of
both devices with increasing read voltages serves as a
practical guide for determining the proper range of
operating voltages for optimized noise behavior.

Overall, our results indicate that low-frequency noise
characteristics serve as a quantifiable indicator for distin-
guishing filamentary switching from interfacial-type
switching, providing a foundation for investigating trap-
related effects and fluctuation phenomena across different
switching mechanisms and facilitating future enhancements
in the reliability and performance of memristive devices.
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