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A facile one-step hydrothermal method has been reported to synthesize the α-Fe2O3 nanosheet arrays with the pre-
ferred orientation along the [104] direction on the ITO substrate. The α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO
memristor has been achieved by depositing the circular W top electrodes on the α-Fe2O3 nanosheet arrays. The as-prepared
W/α-Fe2O3/ITO memristor shows a reliable nonvolatile bipolar resistive switching behavior with the high resistance ratio
of about 103 at the reading voltage of 0.1 V, good resistance retention over 103 s, ultralow set voltage of −0.6 V and reset
voltage of 0.7 V, and good durability. In addition, the tunneling conduction mechanism modified by the oxygen vacancies
has been proposed and suggested to be responsible for the nonvolatile resistive switching behavior of the as-prepared W/α-
Fe2O3/ITO memristor. This work demonstrates that the as-prepared α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO
memristor would be a promising candidate for further ultralow power nonvolatile memory applications.

Keywords: hydrothermal method, α-Fe2O3 nanosheet arrays, nonvolatile, tunneling conduction mechanism,
oxygen vacancies
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1. Introduction

The memristor is usually a “sandwich” structure consist-
ing of the resistive layer, the top and bottom electrodes, which
has been regarded as the fourth fundamental circuit element
due to its excellent advantages in terms of the excellent stor-
age capacity, low power consumption, high endurance, and the
ability to be compatible with the complementary metal–oxide–
semiconductor (CMOS) process.[1–10] Therefore, the increas-
ing attention has been devoted to the memristors, which have
demonstrated great application potential in the aspects of in-
formation storage, logical operations, and brain-like neuro-
morphic computing. However, as a new type of circuit ele-
ment, the internal resistive switching mechanism of the mem-
ristor still remains mysterious.

In the last decade, there have been many kinds of re-
sistive layer materials including the inorganic and organic
dielectric materials that were used for memristor applica-
tions. As the typical inorganic materials, the transition
metal oxides, including the Al2O3,[11,12] CeO2,[13] TaOx,[14]

CuO2,
[15–17] GaOx,[18,19] HfO2,[10,20–22] MnO2,[23] NiO,[24]

TiO2,[3–8,25–29] VO2,[30] WO3,[9,31] ZrO2,[29,32] ZnO,[2,33,34]

and Fe2O3
[35–50] have received great attention due to their sim-

ple structure, low cost, which are compatible with the COMS
process and become the focus of the memristor applications.
Among them, the hematite (α-Fe2O3) has shown these ad-
vantages such as the narrow band gap, excellent photoelectric
properties, high chemical stability, low cost, and high natural
abundance,[38] which has become an excellent candidate ma-
terial for memristor applications. In recent years, many prepa-
ration methods regarding the ultrasonic spray pyrolysis,[35]

hydrothermal process,[45,49] dipcoating method,[38,39,42,47,48]

magnetron sputtering,[36,43] spin-coating method,[35,37,40,44,46]

and the atomic layer deposition[50] have been adopted to pre-
pare the α-Fe2O3. In particular, the hydrothermal process
has attracted extensive attention because of its low cost, sim-
ple process, low power consumption, and relatively mild re-
action conditions.[45,49] The hydrothermal process is a high-
efficiency method for the controlled large-scale synthesis of
the α-Fe2O3 nanomaterials, which has been widely utilized
to prepare the various α-Fe2O3 nanomaterials-based devices.
However, the direct hydrothermal synthesis of the α-Fe2O3

nanosheet arrays on the ITO substrate has never been reported
and the nonvolatile resistive switching mechanism of the α-
Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO memristor is
still unclear so far.
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In this work, a facile one-step hydrothermal process has
been carried out to synthesize the α-Fe2O3 nanosheet arrays
with a preferred growth orientation along the [104] direction
on the ITO substrate. The α-Fe2O3 nanosheet arrays-based
W/α-Fe2O3/ITO memristor has been achieved by depositing
the circular W electrodes on the α-Fe2O3 nanosheet arrays.
The as-prepared W/α-Fe2O3/ITO memristor demonstrated the
nonvolatile bipolar resistive switching behavior with a high re-
sistive switching ratio, good resistance retention ability, low
set voltage and reset voltage. Moreover, the tunneling con-
duction mechanism modified by the oxygen vacancies has
been proposed to understand the nonvolatile resistive switch-
ing properties of the as-prepared W/α-Fe2O3/ITO memris-
tor. This work demonstrates that the as-prepared α-Fe2O3

nanosheet arrays-based W/α-Fe2O3/ITO memristor may be a
potential candidate for the further ultralow power nonvolatile
memory applications.

2. Experimental details
All the chemical agents used for the preparation of

α-Fe2O3 nanosheet arrays are the potassium ferrocyanide
(K4[Fe(CN)2]·3H2O, purity > 99.5%) as well as deionized
water. All the reagents are analytically pure and not get-
ting further treatment before use. The indium tin oxide (ITO)
bottom electrode of the as-prepared W/α-Fe2O3/ITO memris-
tor and the potassium ferrocyanide were purchased commer-
cially from the NSG Pilkington and Sigma-Aldrich, respec-
tively. The preparation process flow of the α-Fe2O3 nanosheet
arrays-based W/α-Fe2O3/ITO memristor has been shown in
Fig. 1.

HydrothermalITO

ITO

ITO

W

Magnetron 
sputtering

ITO

W
V

α Fe2O

α Fe2O

α Fe2O

Fig. 1. Preparation process flow of the W/α-Fe2O3/ITO memristor.

It is clearly shown that the α-Fe2O3 nanosheet arrays
were prepared by a facile one-step hydrothermal method.
First, 0.3-mM potassium ferrocyanide was dissolved in 15 mL
of deionized water and stirred magnetically for 10 min at
600 rpm. Then the solution was transferred to an autoclave,
where a piece of ITO conductive glass was placed diago-
nally in the autoclave with the conductive side facing down-
ward. Subsequently, the autoclave was sealed and heated at
200 ◦C for 6 h in a muffle furnace. After that the autoclave
was cooled to room temperature naturally, the sample was

removed out and rinsed with the deionized water and alco-
hol in turn. Finally, the circular W top electrodes with a di-
ameter of about 5 µm were deposited on the as-prepared α-
Fe2O3 nanosheet arrays via using magnetron sputtering and
the α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO mem-
ristor has been prepared.

The crystal structures of the as-prepared samples
were analyzed by the x-ray diffraction (XRD, PANalytical
PW3040/60), in which the x-rays used Cu Kα radiation with
a wavelength of 0.1542 nm at 40 kV and 200 mA. The field
emission scanning electron microscope (FESEM, FEI Nova
NanoSEM450) was used to measure the morphologies of the
as-prepared samples. The surface elemental compositions
and chemical states of the as-prepared samples were iden-
tified by the x-ray photoelectron spectrometer (XPS, AXIS-
ULTRA DLD-600W) with a monochromatic Al Kα x-ray
source and the instrument back bottom vacuum of not less than
1×10−7 Pa. The current–voltage (I–V ) characteristics of as-
prepared α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO
memristor were explored by using an Agilent B2901A source
meter under ambient temperature and pressure. During the
measurement, the bias voltage was applied to the circular W
top electrode of the as-prepared W/α-Fe2O3/ITO memristor
with the grounded ITO bottom electrode to test the electrical
properties of the as-prepared α-Fe2O3 nanosheet arrays-based
W/α-Fe2O3/ITO memristor.

3. Results and discussion
3.1. Physical characterizations

Figures 2(a)–2(c) exhibit the top-view FESEM images
of the as-prepared α-Fe2O3 nanosheet arrays grown on the
ITO substrate under different magnifications, respectively. As
shown in Figs. 2(a)–2(c), the entire surface of the ITO sub-
strate is covered very uniformly by the nanosheet-like α-
Fe2O3 arrays.

2 mm 1 mm

500 nm 500 nm

(d)(c)

(a) (b)

α Fe2O

ITO

Fig. 2. Morphologies of the as-prepared samples: (a)–(c) top-view FESEM
images under different magnifications, and (d) cross-sectional view FESEM
image.
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Figure 2(d) displays the cross-sectional view FESEM im-
age of the as-prepared α-Fe2O3 nanosheet arrays. It is obvious
that the thickness of the as-prepared α-Fe2O3 nanosheet arrays
is about 500 nm. Figure 3 shows the XRD patterns of the ITO
substrate and the as-prepared α-Fe2O3 nanosheet arrays sam-
ple grown on the ITO substrate, respectively. It is found that all
the diffraction peaks that appear upon nanosheet arrays growth
are classified as the rhombohedral phase α-Fe2O3 (PDF# 33-
0664, JCPDS).[51,52] Furthermore, only the three diffraction
peaks positioned at 24.2◦, 33.1◦, and 54.0◦ corresponding to
the (012), (104), and (116) crystal planes of the rhombohedral
phase α-Fe2O3 can be observed clearly from the as-prepared
α-Fe2O3 nanosheet arrays sample, respectively. In particu-
lar, the (104) diffraction peak that appeared at 33.1◦ is sig-
nificantly enhanced compared with the other diffraction peaks

of the (012) and (116) crystal planes, suggesting that the as-
prepared α-Fe2O3 nanosheet arrays can be grown preferen-
tially along the [104] direction on the ITO substrate.
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Fig. 3. XRD patterns of α-Fe2O3 and ITO.
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Fig. 4. (a) Survey XPS spectra of the α-Fe2O3 nanosheet arrays. (b) C 1s, (c) Fe 2p, and (d) O 1s high resolution XPS spectra of the α-Fe2O3
nanosheet arrays.

The XPS measurement has been carried out to identify
the surface elemental compositions and chemical states of the
as-prepared α-Fe2O3 nanosheet arrays, as shown in Fig. 4.
Figure 4(a) reveals the survey XPS spectra of the α-Fe2O3

nanosheet arrays. It is observed that only the Fe, O, In,
and together with the C elements can be found in the sur-
face of the as-prepared α-Fe2O3 nanosheet arrays. Usually,
a small amount of carbon deriving from the surface carbon-
based groups of the samples has been employed as the stan-
dard signal source to calibrate the other elements such as
the Fe, In, and O elements,[8,27,28] which should result from
the XPS instrument itself, as shown in Fig. 4(b). Addition-
ally, the indium element should originate from the ITO sub-
strate. Figure 4(c) indicates the Fe 2p high-resolution XPS

spectrum and its Gaussian fitting diagram of the as-prepared
sample. It is clearly shown that the Ti 2p core-level spec-
trum can be decomposed into five Gaussian peaks located
at the binding energies of 732.97 eV, 724.37 eV, 716.94 eV,
711.53 eV, and 709.98 eV, respectively. The Gaussian peak
appeared at the binding energy of 709.98 eV is corresponding
to Fe2+,[53,54] while the Gaussian peaks near the binding ener-
gies of 724.37 eV and 711.53 eV are associated with Fe 2p1/2

and Fe 2p3/2, respectively.[55] Moreover, the distinguishable
satellite peaks related to the binding energies of 732.97 eV and
724.37 eV can be observed, which demonstrates the existence
of Fe3+ in the as-prepared α-Fe2O3 nanosheet arrays.[45,51]

Figure 4(d) shows the O 1s high-resolution XPS spectrum
and its Gaussian fitting diagram of the as-prepared sample. It
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is obvious that the O 1s core-level spectrum can be isolated
with three Gaussian fitting peaks such as the binding ener-
gies of 529.81 eV, 530.85 eV, and 531.87 eV, which are at-
tributed to the Fe–O bonds in the lattice oxygen, oxygen va-
cancies, and the chemisorbed hydroxyl groups[2,54,56] of the
as-prepared sample, respectively. It can be seen from the re-
sults above that a significant amount of oxygen vacancies exist
in the as-prepared α-Fe2O3 nanosheet arrays sample, which
have been suggested to be responsible for the nonvolatile re-
sistive switching behavior of the as-prepared W/α-Fe2O3/ITO
memristor.

Figure 5(a) depicts the UV-visible absorption spectrum of
the as-prepared α-Fe2O3 nanosheet arrays. It is obvious that
the excellent optical absorption property with an absorption
edge of about 650 nm corresponding to the indirect optical
band gap of about 1.85 eV in the visible absorption region
can be observed clearly in the as-prepared α-Fe2O3 nanosheet
array. Figure 5(b) shows the Tauc plots of the as-prepared α-
Fe2O3 nanosheet arrays. It is clear that the optical band gap of
the as-prepared α-Fe2O3 nanosheet arrays can be given with
the Tauc relation as given below:[52]

(αhυ)k = A(hυ−Eg), (1)

where Eg is the optical band gap of the as-prepared sample,
while the α , h, v, A, k are the absorbance coefficient, Planck’s
constant, vibration frequency, optical constant, and the vibra-
tion frequency of the as-prepared sample. As indicated in
Fig. 5(b), the optical band gap of the as-prepared α-Fe2O3

nanosheet arrays sample is about 1.85 eV, which is lower than
that of the intrinsic α-Fe2O3

[54] (2.1 eV) due to the existence
of the intrinsic oxygen vacancies in the as-prepared α-Fe2O3

nanosheet arrays. In addition, the lower band gap of the as-
prepared α-Fe2O3 nanosheet arrays will facilitate decreasing
the set and reset voltages of the W/α-Fe2O3/ITO memristor,
which suggests that the as-prepared W/α-Fe2O3/ITO memris-
tor is suitable for the ultralow power nonvolatile memory ap-
plications.
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Fig. 5. (a) UV-visible absorption spectrum of the α-Fe2O3 nanosheet arrays.
(b) Tauc plots of the α-Fe2O3 nanosheet arrays.

3.2. Electrical characteristics

Figure 6 records the I–V curve characteristics of the as-
prepared α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO
memristor. As shown in Fig. 6(a), the voltage scanning direc-
tion is set to 0 V→−1 V→ 0 V→+1 V→ 0 V. The arrows in

Fig. 6(a) indicate the voltage scanning direction, and the num-
bers represent the voltage scanning sequence. During the test,
the bias voltage is always applied to the W top electrode of the
device, while the ITO bottom electrode is grounded. To re-
frain the W/α-Fe2O3/ITO memristor from being a permanent
breakdown, the compliance current has been set to 10 mA.
Figure 6(b) displays the semi-logarithmic I–V curves of the
as-prepared W/α-Fe2O3/ITO memristor for successive cycles.
It is clearly shown that the initial resistance state of the as-
prepared W/α-Fe2O3/ITO memristor is a high resistance state
when the reverse bias voltage is applied.

In the set process, the initial high resistance state of the
as-prepared W/α-Fe2O3/ITO memristor will be remained un-
til a large enough set voltage (Vset) is applied. When the Vset

reaches −0.6 V, the significant current increase can be ob-
served, indicating that the resistance of the as-prepared W/α-
Fe2O3/ITO memristor has a dramatic drop from the high re-
sistance state of about 9.8×104 Ω to the low resistance state
of approximately 1.1×102 Ω, and the device switches from
the HRS to LRS. When the scanning voltage decreases, the
as-prepared W/α-Fe2O3/ITO memristor will maintain in the
low resistance state until the forward reset voltage (Vreset) is
applied, indicating the nonvolatile resistive switching charac-
teristics of the as-prepared W/α-Fe2O3/ITO memristor. When
the forward bias voltage continues to increase until the reset
voltage (Vreset) is set to 0.7 V, the as-prepared W/α-Fe2O3/ITO
memristor changes from the LRS to HRS, meaning that the re-
set process occurs. It can be seen from Figs. 6(a) and 6(b) that
the as-prepared W/α-Fe2O3/ITO memristor exhibits the non-
volatile bipolar switching characteristics, and the switching ra-
tio (RHRS/RLRS) between the HRS and LRS is approximately
three orders of magnitude at the reading voltage of 0.1 V. Fig-
ure 6(c) displays the conductance–voltage (C–V ) curve of the
as-prepared W/α-Fe2O3/ITO memristor. It is observed that
the stable nonvolatile resistive switching window with a high
conductance ratio of about three orders of magnitude can be
achieved by sweeping the external voltage in the order of 0 V
→ −1 V→ 0 V→ +1 V→ 0 V, demonstrating the potential
applications of the as-prepared W/α-Fe2O3/ITO memristor
in the nonvolatile memory devices. To estimate the retention
characteristics of the as-prepared W/α-Fe2O3/ITO memristor,
the reading voltage of 0.1 V has been set to make the device
reach the HRS and LRS, respectively. Figure 6(d) shows the
retention characteristics of the as-prepared W/α-Fe2O3/ITO
memristor at the reading voltage of 0.1 V. It is obvious that the
RHRS/RLRS between the HRS and LRS is about 103, which can
be stably maintained and no further degradation occurs even
after 1.1×103 s. Moreover, the RHRS/RLRS would remain for
a longer time from the perspective of development trend. The
results show that the W/α-Fe2O3/ITO memristor possesses a
reliable nonvolatile bipolar resistive switching characteristic.
Table 1 tabulates the summary of the Fe2O3-based memris-
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tors. In comparison with the previous literatures about the α-
Fe2O3-based memristors,[2,35–38,41,42,45,48,50] the as-prepared
α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO memris-
tor in this work has presented a relatively lower set voltage
(−0.6 V) and reset voltage (0.7 V), and the highest resistance
ratio of about three orders of magnitude, which demonstrate
the promising potential of the as-prepared α-Fe2O3 nanosheet
arrays-based W/α-Fe2O3/ITO memristor for applications in
the further ultralow power nonvolatile memory devices.

To illustrate the conduction mechanism of the as-prepared
α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO memris-
tor, the I–V curve of the high resistance state for the W/α-
Fe2O3/ITO memristor in the set process has been replotted in
the |V |1/2–ln(I) scale, as shown in Fig. 7. It is clearly shown
that the slope of the I–V fitting curve of the as-prepared W/α-

Fe2O3/ITO memristor is about 2.55 in the high resistance state,
suggesting that the resistive switching behavior of the device
conforms with the tunneling conduction mechanism modified
by the oxygen vacancies. The current density (J) of the high
resistance state for the W/α-Fe2O3/ITO memristor in the set
process can be linearly fitted by the Schottky equation[32,57]

J = A∗×T 2× exp

[
q
(√

qV
4πεd −φb

)
KT

]
, (2)

where A∗ is the effective Richardson constant, q is the elec-
trical charge, V is the applied voltage, ε is the dielectric con-
stant, φb is the Schottky barrier height, K is the Boltzmann’s
constant, d is the Schottky conduction distance, and T is the
absolute temperature.[21]
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Fig. 6. (a) The linear I–V curves of the W/α-Fe2O3/ITO memristor for successive cycles. (b) The semi-logarithmic I–V curves of the W/α-
Fe2O3/ITO memristor for successive cycles. (c) The C–V curve of the device. (d) The retention characteristics of the device at 0.1 V.

Table 1. Summary of the α-Fe2O3-based memristors.

Device structure Vset/Vreset (V) Synthesis process RHRS/RLRS ratio Retention Reference

Top-probe/α-Fe2O3/ZnO/bottom-probe −0.55/− spin coating technique ∼ 20 103 s [2]
Au/Fe2O3/FTO ∼+1.5/∼−1.2 ultrasonic spray pyrolysis ∼ 10 10 h [35]
Pt/Fe2O3/Pt/Ti +1.4/+0.5 magnetron sputtering technique ∼ 7 – [36]
Ag/Fe2O3/ZnO/ITO +0.9/−1 spin coating technique ∼ 90.1 30 days [37]
Au/Pt-Fe2O3/Ti ∼−1/∼+3.4 dip coating method ∼ 10 5×104 s [38]
Ag/Fe2O3/Ti ∼+0.02/−0.1 spin coating technique ∼ 10 3.6×103 s [41]
W/Fe2O3 NC film/Pt ∼−1.2/∼+1.6 dip coating method > 102 105 s [42]
Ag/[TiO2/α-Fe2O3]/FTO ∼+4/∼−4 hydrothermal method ∼ 10 103 s [45]
Ti/Pt-Fe2O3 core-shell NPs/Pt/PES +2.5/− hydrothermal method < 10 – [48]
Ti/Fe2O3-SiO2/Si +2/−2.5 atomic layer deposition process 2.8 – [50]
W/α-Fe2O3/ITO −0.6/+0.7 hydrothermal method ∼ 103 > 103 s this work
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Fig. 7. The I–V curve of the W/α-Fe2O3/ITO memristor in the |V |1/2–
ln(I) scale.

To further clarify the nonvolatile resistive switching
mechanism of the as-prepared α-Fe2O3 nanosheet arrays-
based W/α-Fe2O3/ITO memristor, figure 8 reveals the

schematic illustration of the corresponding band positions for
the α-Fe2O3 and ITO before and after the formation of n–
n heterojunction under the reverse bias voltage. It has been
found that the work function (ϕ) of α-Fe2O3 is 5.88 eV,[2]

which is much higher compared with that of the ITO (ϕ =

4.7 eV) and W (ϕ = 4.5 eV). Once the formation of the n–n
heterojunction occurs at the α-Fe2O3/ITO heterojunction in-
terface, the electrons originating from the Fermi energy level
(EF) of the ITO drift toward the α-Fe2O3 until the Fermi en-
ergy levels on both sides are equal, resulting in raising the en-
ergy level of conduction band (EC) for the α-Fe2O3/ITO het-
erojunction interface. Thus, the nonvolatile bipolar resistive
switching behavior of the as-prepared W/α-Fe2O3/ITO mem-
ristor can be achieved by dominating the energy barrier gener-
ated at the α-Fe2O3/ITO heterojunction interface.

e e e
e ee

EC

EF

EV

ITO ITO

EC

EF

EV ITO

e e e e e e

+ -

Before junction After junction Under reverse bias

α Fe2O
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α Fe2O

(a) (b) (c)

Fig. 8. Schematic illustration of the corresponding band positions for α-Fe2O3 and ITO before and after the formation of n–n heterojunction
under the reverse bias voltage.

When the reverse bias voltage is set to the as-prepared
W/α-Fe2O3/ITO memristor, the electrons injected from the
α-Fe2O3 interface are blocked by the n–n heterojunction at
the α-Fe2O3/ITO heterojunction interface, leading to a large
built-in electric field applying across the depletion layer.[56]

By increasing the reverse bias voltage, the high-doping region
predominated by the migrating oxygen vacancies get occupied
at the α-Fe2O3/ITO heterojunction interface would generate in
the ITO interface, while the electrons could form another high-
doping region in the α-Fe2O3 interface. Therefore, the prac-
tical depletion layer width and energy barrier decrease appar-
ently with the rising reverse bias voltage. Once the effective
barrier layer width becomes significantly thin enough, consid-
erable amounts of electrons stemming from the α-Fe2O3 in-
terface would tunnel through the energy barrier and produce
the conducting filaments across the α-Fe2O3/ITO n–n het-
erojunction interface,[2] which induce the as-prepared W/α-
Fe2O3/ITO memristor to transition from the HRS to LRS with
a sudden jump of current and the set process occurs. Subse-
quently, the LRS would be maintained until the forward reset
voltage is applied due to the high density of ionic or charged
groups across the α-Fe2O3/ITO heterojunction interface, indi-
cating the nonvolatile resistive switching behavior of the as-
prepared W/α-Fe2O3/ITO memristor. In the reset process, the
built-in electric field across the α-Fe2O3/ITO heterojunction
interface would decrease owing to the reverse movement of
the occupied charges away from the n–n heterojunction inter-

face when the interface is forward biased, causing a further de-
crease of the depletion layer and a dramatic rise of the forward
current. In addition, a sufficient amount of heat generated by
the Joule heating would break the local conducting filaments
when the high forward current density injects into the metal-
lic conducting filaments across the α-Fe2O3/ITO heterojunc-
tion interface,[16] and then the as-prepared W/α-Fe2O3/ITO
memristor would switch from the LRS to HRS with an abrupt
drop of current, demonstrating the nonvolatile bipolar resistive
switching behavior of the α-Fe2O3 nanosheet arrays-based
memristor.

4. Conclusion
In summary, this paper has reported a facile one-step

hydrothermal method to prepare synthesize the α-Fe2O3

nanosheet arrays with the preferred orientation along the [104]
direction on the ITO substrate. The circular W top elec-
trodes have been deposited on the α-Fe2O3 nanosheet ar-
rays by magnetron sputtering and the as-prepared α-Fe2O3

nanosheet arrays-based W/α-Fe2O3/ITO memristor has exhib-
ited a reliable nonvolatile bipolar resistive switching charac-
teristic with the high resistance ratio of about 103, good re-
sistance retention over 103 s, ultralow set voltage of −0.6 V,
and reset voltage of 0.7 V, and good durability. The tunneling
conduction mechanism modified by the oxygen vacancies has
been proposed, which has been believed to be responsible for
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the nonvolatile resistive switching behavior of the as-prepared
W/α-Fe2O3/ITO memristor. This work suggests that the as-
prepared α-Fe2O3 nanosheet arrays-based W/α-Fe2O3/ITO
memristor has been regarded as one promising candidate for
further ultralow power nonvolatile memory applications.
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