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ABSTRACT
We present a study of the trade-off between the retention and variability of SrTiO3-based memristive devices. We identified the applied
switching current and the device stoichiometry as main influence factors. We show that the SrO formation at the electrode interface, which
has been revealed to improve the device retention significantly, is associated with an increased cycle-to-cycle and device-to-device variability.
On the other hand, devices with homogeneous, Ti-terminated SrTiO3–Pt interfaces exhibit poor retention but the smallest variability. These
results give valuable insights for the application of memristive SrTiO3 devices as non-volatile memory or in neural networks, where the control
of variability is of key relevance.

© 2021 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0035707

One of the most promising candidates for future-non-volatile
memories and neuromorphic applications is the resistive random
access memory (ReRAM).1–5 These memories can be realized by
a broad variety of materials. Besides established transition metal
oxides, biomaterial-based or hexagonal boron nitride memristors
were shown to exhibit synaptic functions such as short-term or long-
term plasticity, allowing their implementation as artificial synapses
used in large-scale deep neural networks.6,7 Generally, these memo-
ries are based on a reversible change in the electrical resistance upon
applying an electrical bias to an active layer sandwiched between
two electrodes. This process is commonly referred to as “resistive
switching” or “memristive phenomenon.” By switching between a
low resistive state (LRS) and a high resistive state (HRS), the device
resistance can be encoded in the logical states ON and OFF.8 SrTiO3
is a well-researched transition metal oxide exhibiting filamentary
resistive switching.9–11 The epitaxial single crystal SrTiO3 devices
of this work exhibit filamentary switching in the so-called eight-
wise sense, meaning that the LRS is set by a positive bias applied
to the Schottky-type interface. We have shown in our previous
work that this can be explained by reversible release and reincor-
poration of oxygen in the filament. The oxygen is stored in or
beneath the Pt top electrode or supplied by the atmosphere.12,13 It
was reported that the choice of the stacking layer sequence and,
thus, the top electrode-oxide interface as well as the atmospheric

humidity strongly influence the switching mechanism.14 We have
previously studied how the retention of SrTiO3-based devices can
be improved by growth induced structural changes. Stoichiomet-
ric devices with homogeneous, Ti-terminated SrTiO3–Pt interfaces
exhibit poor retention, whereas, however, promoting the SrO island
formation at the SrTiO3–Pt interface results in an improved reten-
tion. This can be attributed to SrO islands acting as an oxygen diffu-
sion barrier and, thus, preventing the reoxidation of the conducting
filament by ambient oxygen.10,15 Different strategies are available to
realize the formation of SrO on top of SrTiO3: (i) the segregation
of SrO islands to the surface as an accommodation mechanism for
Sr-rich growth,16,17 (ii) directly depositing a few unit cells of SrO
on stoichiometric SrTiO3 thin films,18 or (iii) applying an increased
forming or switching current compliance that promotes the SrO seg-
regation through the corresponding enhanced Joule heating.10,15,19

Recently, another work demonstrated the tuning of retention in the
timeframe of minutes of SrTiO3-based devices by engineering the
electrode/oxide interface through controlling the Al content in the
Pt top electrode.20 Apart from interface effects, Ruddlesden–Popper-
type antiphase boundaries (APBs), which occur as an additional
accommodation mechanism for Sr-rich growth, act as preformed
filaments.21 By artificially engineering these APBs, we fabricated
forming-free memristive devices.21 All these previous studies have
focused on the improvement of the retention and on understanding
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the underlying mechanisms; however, they all lack considering how
the applied changes influence the variability.

One of the major challenges in establishing memristive devices
for non-volatile memory is their large cycle-to-cycle (C2C) and
device-to-device (D2D) variability in both the HRS and LRS. How-
ever, the inherent variability of the devices can be utilized for the
emerging field of neuromorphic computing to introduce stochas-
ticity and thereby improve learning efficiency or demonstrate the
robustness of a neural network.22–24 To take advantage of the vari-
ability of SrTiO3 memristive devices, it is crucial to understand the
underlying mechanism and eventually to control it. In our previ-
ous work, we have unraveled the basic mechanisms behind the C2C
and D2D variability of SrTiO3 memristive devices.25 We showed
that the stochastic nature of the conducting filament leads to differ-
ent filament shapes or variations of its oxygen vacancy distribution.
During forming and switching, a competitive growth of multiple
prefilaments, rather than one main conducting filament, prevails.
Since this process severely differs for each device, D2D variabil-
ity is observed. Variations in the active filament position between
different switching cycles have been found to cause C2C variabil-
ity.25 In this article, we will present detailed studies of the D2D
and C2C variability in SrTiO3 memristive devices in dependence
of the processing and electroforming conditions. We achieve this
by considering the influence of well-known main factors on the
performance of SrTiO3 memristive devices, namely, the stoichiome-
try of the epitaxial SrTiO3 films,16,18,21 the deposition of additional
SrO at the top electrode interface,18 and the current compliance
applied during the forming step.10,15,19 The aforementioned influ-
ence factors result in two structural features, namely, SrO islands and
Ruddlesden–Popper-type APBs. These features have been shown to
significantly improve the device retention.18 Therefore, we focus on
SrO islands rather than a homogeneous oxygen diffusion barrier to
investigate if they influence the variability as well. This work points
out that the variability is increased, resulting in a trade-off between
retention and variability.

A sketch of our memristive device geometry is shown in
Fig. 1(a). The active layers of the memristive devices are 20 nm
thick epitaxial SrTiO3 thin films deposited by pulsed laser deposition
(PLD) on TiO2-terminated 0.5 wt. % Nb-doped SrTiO3 substrates,
which simultaneously function as a conducting bottom electrode.
The substrate temperature during deposition was set to 800 ○C by an
infrared laser. The heating rate was 50 ○C/min, while a cooldown to
below 250 ○C was achieved approximately in 30 s. The oxygen pres-
sure was 0.1 mbar. The SrTiO3 target is ablated by a KrF excimer
laser emitting ultraviolet light with a wavelength of 248 nm at a pulse
rate of 5 Hz and a spot size of 2 mm2, while the target-to-substrate
distance was set to 44 mm. In order to grow SrTiO3 films of varying
stoichiometry, the laser fluence was varied, as introduced in previous
publications.16,17,26,27 For stoichiometric and Sr-rich SrTiO3 films,
laser fluences of 1.05 J/cm2 and 0.67 J/cm2 were used, respectively.
For one sample, additional SrO (green) on top of the stoichiometric
SrTiO3 was ablated from a ceramic strontium peroxide (SrO2) tar-
get with a laser frequency of 1 Hz at a laser fluence of 1.21 J/cm2 and
an oxygen pressure of 2 × 10−7 mbar with a nominal thickness of
3 unit cells subsequently to the SrTiO3 deposition. As the top elec-
trode, a 10 nm Pt layer (light gray) was evaporated. The Pt layer was
patterned using photolithography and Ar ion beam etching, result-
ing in 19 × 16 μm2 electrodes. The 70 nm layer of HfO2 (dark blue)

FIG. 1. (a) General device design. The topography of (b) Sr-rich SrTiO3, (c) stoi-
chiometric SrTiO3 with a 3 unit cell thick layer of SrO, and (d) stoichiometric SrTiO3.
The IV-curve for (e) Sr-rich SrTiO3, (f) stoichiometric SrTiO3 with a 3 unit cell thick
layer of SrO, and stoichiometric SrTiO3 with (g) 30 mA and (h) 10 mA forming
current compliance. In each IV-curve, the forming sweep is shown in red.

deposited by sputtering has an overlap of a few micrometer at the
Pt top electrode edge to prohibit switching events outside the elec-
trode boundaries. As electrical leads to the Pt top electrode, contact
pads were evaporated, consisting of 10 nm Pt and 110 nm Au films
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(yellow). These contact pads are crucial for electrical characteriza-
tion since directly contacting the Pt top electrode with W whisker
probes causes a strong variability due to the varying contact resis-
tance. A bias is applied to the Pt top electrode, while the Nb:SrTiO3
bottom electrode is electrically grounded. To investigate the influ-
ence of the current compliance during forming, the forming step for
stoichiometric devices was limited by a current compliance of 10 mA
and 30 mA, respectively. All subsequent SETs were limited by a cur-
rent compliance of 10 mA. The latter was also used for the forming
and all SETs of the other samples in this work.

Generally, the variability of memristive devices can be changed
by all details of fabrication. We have shown in earlier studies that the
switching mechanism can potentially change with the film thickness
from eightwise to counter-eightwise.28 To exclude this additional
influence factor, we exclusively investigated devices of 20 nm SrTiO3
thickness. Since the scope of this work is the retention-variability
trade-off, we did not vary the device size as no influence of device
size on the retention was found in previous works.

The SrTiO3 film topographies were analyzed right after deposi-
tion using an Oxford Instruments Asylum Research Cypher atomic
force microscope (AFM). In Fig. 1(b), the topography of the Sr-rich
film with scattered SrO precipitates with a varying diameter of 20
nm–150 nm is shown. The black features are etch pits resulting from
substrate preparation.29,30 In comparison to that, the topography of a
stoichiometric film with 3 unit cell SrO on top exhibits a much larger
SrO island density and SrO island diameters of 200 nm–500 nm, as
shown in Fig. 1(c). Due to the 3D growth mode transition of SrO
on SrTiO3, SrO islands of varying thicknesses are formed instead of
a homogeneous layer.18 The topography of a stoichiometric SrTiO3
thin film without any SrO precipitates is shown in Fig. 1(d).

The bottom half of Fig. 1 shows the IV-curves of the forming
and the subsequent sweep for one exemplary device of all four sam-
ples. Figure 1(e) shows a Sr-rich device, while the IV-curve for a sto-
ichiometric device with additional SrO on top is shown in Fig. 1(f).
The IV-curves for stoichiometric devices formed with 30 mA and
10 mA are depicted in Figs. 1(g) and 1(h), respectively. All samples
show distinct forming steps. In Fig. 1(g), the increased forming cur-
rent compliance of 30 mA is noticeable by the higher maximum of
the forming sweep. Differences in the LRS resistance of the samples
can be estimated by comparing the currents at the left branch of the
sweep. The current at the right branch is limited by the current com-
pliance, which is mostly reached at a voltage of less than 2 V. Thus,
sample differences are masked at this branch. Compared to the sto-
ichiometric device formed at 10 mA, all other devices show higher
currents at the left branch, indicating a lower LRS resistance. The
generally lower LRS resistance for Sr-rich devices and stoichiomet-
ric devices with additional SrO is in accordance with our previous
work.18 The lowering of LRS resistance for stoichiometric devices
by a pronounced forming step with 30 mA current compliance was
revealed in Ref. 10. We attribute it to a higher power dissipation and
thereby increased mobility of the oxygen vacancies during forming
with higher currents.

To investigate the C2C variability, the device is SET and RESET
by a rectangular pulse sequence, which is repeated over 2000 cycles.
After each SET and RESET, respectively, the LRS and HRS resis-
tance is measured by a readout pulse of +0.5 V. To analyze the
D2D variability, this measurement procedure is repeated for 10 dif-
ferent pristine devices of the same sample. Devices, which were

defective due to lithography faults, are excluded, and a device yield
is given for every sample representing the ratio of usable devices.
The measured LRS and HRS resistances of the device sets are shown
in Fig. 2 in individual Weibull plots for each sample. The gray

FIG. 2. Weibull plots for the LRS and HRS. Gray graphs show individual devices,
while the colored graphs show the corresponding accumulated data. For each
colored graph, the Weibull slope β is given. Data shown of devices with (a)
Sr-rich SrTiO3 and (b) stoichiometric SrTiO3 with additional SrO on top. For
devices with stoichiometric SrTiO3, (c) a 30 mA (only 9 devices) and (d) a
10 mA forming current compliance were investigated. Note the adjusted resistance
scale in the LRS of (c). Except for (c), the forming current compliance was 10 mA.
Switching current compliance was always 10 mA.
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graphs in the background represent data of the individual usable
devices and depict the C2C variability of the samples. The colored
graphs represent the accumulated variability of the respective sam-
ples, which is dominated by the D2D variability. To give a quan-
titative value for the D2D variability of the LRS and HRS of each
sample, each colored graph of accumulated data is fitted by a Weibull
distribution, respectively. In this double-logarithmic depiction, the
Weibull distribution and all data, which can be well described by
it, will show a linear behavior.31 Therefore, one can imagine the
Weibull distribution fit as a straight line describing each colored
graph. For the sake of clarity, the fit is not shown in Fig. 2. How-
ever, the slope of the fit, called the Weibull slope β, is extracted. For
10 devices with almost identical resistance values, the accumulated
graph is rather described by a steep line of large slope spreading over
a small resistance interval. Therefore, low D2D variability is indi-
cated by large values of β. On the other hand, 10 devices behaving
vastly different from each other result in an accumulated graph that
spreads over a large resistance range. This graph can be best fitted
with a rather flat line of small slope. Accordingly, high D2D vari-
ability is indicated by a small value of β. The inset of each individual
Weibull plot shows the value of β for the accumulated graph.

Considering all Weibull plots in Fig. 2, one observation
is immediately apparent. The HRS exhibits sample independent
almost no C2C variability. We will, thus, in the following only dis-
cuss the D2D variability of the HRS as well as both the C2C and D2D
variability of the LRS.

Figure 2(a) shows the Weibull plot of Sr-rich devices switched
with the usual 10 mA forming step current compliance. The device
yield is 67%. The HRS resistance values lie between 130 MΩ and 340
MΩ. Regarding the gray graphs for individual devices, two devices
show a slightly lower resistance than the majority. The Weibull slope
of the HRS is β = 6.19. In comparison to that, the LRS resistance
values are more scattered, reaching from 2 kΩ to 30 kΩ. As for
the HRS, three individual devices show lower resistance than the
device majority. The Weibull slope of β = 2.29 for the LRS points
out a higher D2D variability compared to the HRS. Furthermore,
the gray graphs for individual devices in the LRS exhibit resis-
tance fluctuations, revealing an increased C2C variability for Sr-rich
SrTiO3.

In Fig. 2(b), the Weibull plots of stoichiometric SrTiO3 devices
with SrO islands deposited on top of stoichiometric SrTiO3 are
shown. The device yield is 85%. The HRS resistance values range
from 100 MΩ to 320 MΩ, indicating a bimodal resistance split-up
with two groups of, respectively, two and eight devices of different
resistances. Due to the resistance split, the HRS shows the lowest β
= 4.90 among all investigated samples and, therefore, the highest
D2D variability. However, within each group, β is markedly lower.
While the 2-device group of lower HRS exhibits β = 14.45, β = 14.09
for the 8-device group of higher HRS. Looking at the LRS of Fig. 2(b),
a similar resistance split is revealed. Within the LRS resistance range
of 5 kΩ–70 kΩ, three devices exhibit a markedly lower resistance
than most devices. However, these devices are not the same as the
ones from the 2-device group in the HRS. Due to the resistance split,
the LRS Weibull slope of β = 1.72 is significantly lower than β of
the Sr-rich devices, thus indicating a higher D2D variability. It is
important to note that the impact on the C2C variability is vice versa.
The gray graphs in the LRS appear slightly smoother compared to
the Sr-rich devices, thus indicating a lower C2C variability. Hence,

depositing additional SrO on top of stoichiometric SrTiO3 increases
the D2D variability, both in the LRS and HRS, but decreases the C2C
variability.

Figure 2(c) shows the Weibull plot of stoichiometric devices for
an increased forming current compliance of 30 mA with a device
yield of 82%. The HRS resistances range from 60 MΩ to 145 MΩ.
One device shows a marked lower resistance than the device major-
ity. The D2D variability in the HRS is comparable with the Sr-rich
devices as the Weibull slope β = 6.19 is equal. However, the LRS
resistance values of 30 mA formed devices cover almost two orders
of magnitude from 8 kΩ to 500 kΩ. This results both in the high-
est average LRS resistance and the highest LRS D2D variability of
all samples as indicated by the small Weibull slope of β = 1.51.
The gray graphs indicate a slightly higher C2C variability as that of
stoichiometric devices with additional SrO.

In Fig. 2(d), the Weibull plot of stoichiometric devices formed
with a 10 mA current compliance is depicted. The device yield is
83%. The HRS resistance values lie between 100 MΩ and 185 MΩ,
leading to an intermediate Weibull slope of β = 5.85 compared to
the other samples. The uniform distribution of the HRS resistance
values for all devices is remarkable. Furthermore, the average HRS
resistance for stoichiometric devices is lower compared to that of Sr-
rich devices formed at the same current compliance. Regarding the
LRS, the resistance values range from 8 kΩ to 50 kΩ. The LRS shows
two groups of devices, one group of six devices with largely scattered,
lower resistances and one group with four devices of higher and nar-
rowly distributed resistances. However, the comparably small resis-
tance range results in a high β = 2.48. This indicates a slightly lower
D2D variability in the LRS for stoichiometric devices formed at 10
mA current compliance compared to the Sr-rich reference and all
other samples. The C2C variability of stoichiometric devices formed
at 10 mA is the lowest among all samples.

In short, compared to the LRS of the Sr-rich devices as a ref-
erence, a lower C2C variability is found for stoichiometric devices
formed at 10 mA current compliance. However, the comparably low
LRS D2D variability of Sr-rich devices can only be outperformed by
stoichiometric devices formed at 10 mA current compliance without
additional SrO. The investigated samples suggest that the retention-
improving factors go along with an increase in the variability. Below,
we will discuss the underlying mechanisms of this observation.

For Sr-rich SrTiO3 devices, an increased C2C variability was
found. As sketched in Fig. 3(a), we assign this to the presence of
preformed filaments and the formation of SrO islands on top of it.
The preformed filaments emerge at the location of extended defects,
more precisely Ruddlesden–Popper-type APBs,21 which were shown
to locally pinpoint native oxygen vacancies in SrTiO3.32–34 We have
further shown that the formation of SrO islands results from the
occurrence of Ruddlesden–Popper-type APBs underneath since the
Sr ion migration energy along these is significantly lower.35 The SrO
islands on the top of Sr-rich films are depicted in the topography of
Fig. 1(b). In Fig. 3(a-I), both the preformed filaments and the SrO
islands of Sr-rich films are depicted. During forming, a conduct-
ing filament will emerge at the location of a preformed filament, as
shown in Fig. 3(a-II). We expect that further SrO precipitates emerge
in Sr-rich SrTiO3 devices during forming and repeated setting at the
given current compliance.35 Therefore, pronounced SrO segregation
above the conducting filaments takes place after the forming step
as depicted by the enhanced size of the SrO island in Fig. 3(a-II).
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FIG. 3. Illustrations of possible underlying mechanisms for (a) increased C2C variability for Sr-rich SrTiO3 devices, (b) increased D2D variability for devices of stoichiometric
SrTiO3 with additional SrO on top, and (c) increased D2D variability for stoichiometric SrTiO3 devices with a more pronounced forming current compliance of 30 mA.

Since the segregation occurs in a non-homogeneous way, the SrO
islands exhibit varying sizes. As SrO has a higher bandgap than
SrTiO3,36,37 the SrO islands will act as an additional serial resistance
for the current flowing through the filament underneath. If a small
SrO island is located above the conducting filament, the resulting
LRS resistance is rather low, as depicted in Fig. 3(a-III). Due to the
high density of preformed filaments in the vicinity, a lateral filament
shift to another position is facilitated. Thus, in the next cycle, the fil-
ament has changed to the location of a former preformed filament
with a pronounced SrO precipitate above, as shown in Fig. 3(a-IV).
Due to the enhanced size of the SrO island compared to the previous
cycle and, thus, higher serial resistance, this LRS exhibits a higher
resistance in total. This mechanism can explain the increased C2C
variability for Sr-rich SrTiO3 films. Furthermore, the high density of
preformed filaments enhances the shift between different filament
positions during switching. Therefore, it seems natural that C2C
variability can be reduced by controlling the active filament position
as demonstrated in other works.38–40

For stoichiometric SrTiO3 with additional SrO deposited on
top, a decreased C2C and increased D2D variability as well as a
bilateral resistance split for both LRS and HRS was observed. The
decreased C2C variability can be explained by the absence of pre-
formed filaments underneath the SrO islands compared to the sce-
nario for Sr-rich thin films, as seen in Fig. 3(a). However, both the
increased D2D variability and the resistance split can be assigned
to the pronounced SrO islands at the top interface, as depicted in

Fig. 3(b). As shown in the topography of Fig. 1(c), the SrO islands are
densely scattered and measure 150 nm to almost 300 nm in diame-
ter. The height of the largest islands even reaches up to 50 nm. In
Fig. 3(b), this is illustrated by large SrO clusters. The fact if the fil-
ament is covered by an SrO island or not defines the resistance of
the LRS. Therefore, the device will exhibit a low resistance if the fila-
ment is located between SrO islands, as depicted in Fig. 3(b-III). The
analog case for a high resistance LRS is shown in Fig. 3(b-IV), when
the filament is located below a large SrO precipitate. The low (high)
resistive branches in the LRS of Fig. 2(b) correspond to the illus-
trated cases in Figs. 3(b-III) and 3(b-IV). This mechanism explains
not only the occurrence of the bimodal resistance split in the LRS
but also the high D2D variability. However, the devices of the low
resistive branch in the LRS of Fig. 2(b) are different from the devices
of the low resistive branch in the HRS. Therefore, the resistance split
in the HRS cannot be fully explained up to this point.

For the stoichiometric SrTiO3 sample formed with a higher
current compliance of 30 mA, an increased D2D variability was
detected. The current limit increase from 10 mA to 30 mA for
the forming step is accompanied by enhanced Joule heating in the
device. Hence, an increased current compliance will markedly boost
the thermal power due to its quadratic correlation. As the form-
ing and switching process is restricted to a single or a few low
diameter conducting filaments,41,42 this confinement results in an
extremely high heat dissipation and, thus, correspondingly high
temperatures.43 Joule heating acts as the major driving process
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TABLE I. Overview of sample parameters indicating a trade-off between variability and retention. The Weibull slope β indicat-
ing the D2D variability as well as the results for C2C variability refers to the LRS, respectively, based on Fig. 2. The retention
results are based on our previous works.10,18

SrO island ROFF/RON after
SrTiO3 occurrence β (D2D var.) C2C var. 300 h (retention)

Sr-rich Intermediate 2.29 (higher) Highest 1000
Stoich. + 3 u.c. SrO Large 1.72 (higher) Higher 10 000
Stoich. (30 mA) After forming 1.51 (highest) Higher 10
Stoich. (10 mA) None 2.48 (lowest) Lowest 1

behind a SrO phase separation in the thin film during forming and
switching.19 Therefore, the increased current compliance results in
an enhanced SrO segregation at the interface above the filament’s
position. This is depicted in Figs. 3(c-I) and 3(c-III). Due to the
irreversible segregation of SrO islands, the forming step will also
affect all subsequent switching cycles. Since the amount of segre-
gated SrO generally fluctuates, the serial resistance of the respective
SrO island will vary as well. If the SrO islands of one device tend
to be comparably small, the LRS of this device will exhibit a lower
total resistance, as depicted in Fig. 3(c-III). On the other hand, a
comparably large precipitate in another device will lead to a high-
Ohmic LRS, as seen in Fig. 3(c-IV). Overall, the LRS resistance of
devices formed with 30 mA current compliance will always be higher
than for devices formed with 10 mA current compliance, as seen
in Figs. 2(c) and 2(d). Since a 10 mA current compliance forming
does not result in SrO precipitates, these devices lack an additional
serial resistance.15 Hence, we can explain the increase in D2D vari-
ability in the LRS with a higher forming current compliance by the
enhanced SrO expulsion, resulting in varying additional serial resis-
tances. As a result of that, one can conclude that a weaker forming
or no forming at all can result in lower variability. This observa-
tion is in accordance with Ref. 44, in which a low variability was
found for forming-free ReRAM devices as electroforming is typi-
cally of stochastic nature and leads to a hardly controllable filament
formation. The increased C2C variability in the LRS for a more pro-
nounced forming step, as seen in Fig. 2(c), remains subject to further
research. However, a possible explanation could be the formation
of a subfilamentary network45,46 upon forming, which facilitates the
lateral filament movement underneath the SrO islands of varying
sizes.

Considering all above-described mechanisms, we find two
main influence factors on the variability. The occurrence of SrO
islands is generally accompanied by an increase in D2D variability.
We ascribe this to the variation of size, location, and density of these
islands, in turn resulting in variable additional serial resistances.
Devices with Ruddlesden–Popper-type APBs are expected to show
an increased C2C variability. As Ruddlesden–Popper-type APBs act
as preformed filaments in SrTiO3 devices,21 a sufficient density of
these preformed filaments can be expected to promote movement
between the filament positions, thus explaining an increased C2C
variability.

Table I shows an overview of the investigated samples includ-
ing their SrO island occurrence and the Weibull slope β based
on Fig. 2 indicating the D2D variability and C2C variability
classification. All samples with SrO island occurrence exhibit an
increased D2D variability. The highest D2D variability is found for

stoichiometric SrTiO3 formed with 30 mA as the SrO islands occur
exactly at the filament’s location for this sample. An increased C2C
variability is found for all samples except stoichiometric SrTiO3
formed with 10 mA. Sr-rich SrTiO3 exhibits the highest C2C vari-
ability as described before. The rightmost column shows, based
on our previous works, the memory window in the form of the
ratio between ROFF and RON of the devices 300 h after the SET
process, indicating the retention.10,18 The memory window of 1
for the stoichiometric device formed at 10 mA in the bottom row
of Table I indicates that the HRS and LRS are no longer distin-
guishable. One should note that the retention results for “stoich
(30 mA)” refer to devices formed and switched with a 30 mA
current compliance,10 while the 30 mA data of this work refer
to 30 mA forming but 10 mA switching. However, Ref. 10 also
showed that forming and switching with a 30 mA current com-
pliance improves the device retention over 300 h compared to a
10 mA current compliance. Table I clarifies the trade-off between
retention and variability for all samples. While all samples with
retention-improving SrO islands exhibit increased C2C and D2D
variability, low variability is only found for samples that exhibit an
inferior retention such as stoichiometric SrTiO3 devices with 10 mA
forming.

In this work, we have investigated the impact of key influence
parameters on the performance of SrTiO3 memristive devices on
their C2C and D2D variability, especially in the LRS. We consid-
ered the stoichiometry, the intentional deposition of SrO at the top
interface, and the forming current compliance. All these findings
point out a trade-off between device retention and variability. They
could be applied to similar material systems, in which the reten-
tion is stabilized by inhomogeneous structures above the filament.
Future investigations should be carried out to investigate the impact
of homogeneous retention stabilizing structures such as additional
oxide layers.
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