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Bistable Resistive Switching of a Sputter-Deposited
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Abstract—Sputter-deposited Cr-doped SrZrO3-based metal–
insulator–metal structures exhibited bistable resistive reversible
switching as observed under bias voltage and voltage pulse. The
ratio of resistance of the two leakage states (high-H, low-L) was
about five orders of magnitude. The conduction of the L-state
satisfied Frenkel–Poole emission and that of the H-state followed
ohmic mechanism, causing the resistance ratio to decrease with
increasing bias voltage. The transition time of H- to L-state was
five orders of magnitude higher than that of L- to H-state. The
transition from H- to L-state was the restricted part for reversible
switching operation. The difference in transition time of the two
states should be related to the respective conduction mechanisms.

Index Terms—Conduction mechanism, nonvolatile memory,
resistive switching memory, SrZrO3.

I. INTRODUCTION

PEROVSKITE materials have been widely investigated
for many applications, such as dynamic random access

memory, superconductor, and gate oxide for CMOS [1]–[3].
Recently, the Cr-doped perovskite films have been investigated
by Beck et al. for nonvolatile memory application, which is
called as resistance random access memory (RRAM) [4]–[6].
The RRAM with the properties of the reversible switching
between the low (L) and the high (H) leakage states, and the
multilevel switching is a promising candidate for nonvolatile
memory application. However, so far the reasons for the resis-
tive switching induced by voltage pulse or bias voltage are not
clear. In this letter, the sputter method is used for the first time
to fabricate the Cr-doped SrZrO -based metal–insulator–metal
(MIM) structure and the conduction mechanisms of the device
are investigated. The deposition method, the substrate, the elec-
trode materials, and process temperature were adopted for low
cost and integration considerations. The resistive transitions
between the two leakage states are also changed by voltage
pulse. The different transition times for the switching between
the two leakage states are indicated for the first time.
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Fig. 1. Leakage current density versus bias voltage for Cr-doped SrZrO -
based MIM device. The inset shows the variation of the resistance ratio with
the bias voltage.

II. EXPERIMENTAL

A 200-nm SiO layer was thermally grown on Si substrate
in a furnace to prevent the leakage current from the Si sub-
strate. A 50-nm SrTiO buffer layer and then a 60-nm LaNiO
(LNO) bottom electrode film were deposited by radio frequency
(RF) magnetron sputter on the SiO –Si substrate. Subsequently,
a 90-nm 0.2% Cr-doped SrZrO (SZO) film was deposited at
450 C by RF magnetron sputter on LNO film as an insulator
layer. The SZO film exhibits the (100), (110), and (200) peaks
based on X-ray diffraction pattern (not shown here), indicating
that it is polycrystalline structure. Finally, a 500-nm-thick Al
film was deposited by thermal evaporation on the Cr-doped SZO
films as a patterned top electrode of area cm to
perform the electrical measurement with Agilent 4155C and
81 110A.

III. RESULTS AND DISCUSSION

Fig. 1 shows the leakage current density versus bias voltage
for the 0.2% Cr-doped SZO-based MIM device. The repro-
ducible sequence of leakage current density can be traced from
an increase of leakage current density for the high leakage (H)
state with increasing bias voltage in the positive direction. At
15 V, the leakage current density rapidly decreased from H to
low leakage (L) state. The leakage current density of the L-state
increased with increasing bias voltage in the negative direction
and rapidly increased from L to H state at 15 V. The switching
voltage should relate to the crystallinity of the resistive film.
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Fig. 2. (a) Ln(J/V) versus jVj for the high and the low leakage states.
(b) Ln(J) versus 1/T for the high leakage state.

The polarity direction of resistive transition is an intrinsic prop-
erty for the device. The inset of Fig. 1 shows the resistance ratio
that decreased with increasing voltage in both directions (
at a low voltage and at 10 V) for the two leakage states. As
so far this is the biggest resistance ratio for SZO material. The
large resistance ratio can provide enough margins to separate
the different memory states. The same trend in the ratio under
either direction indicates the identical influence of the resistive
transition. Furthermore, the different dopant concentrations in
SZO material were also investigated. While the dopant concen-
tration was twice larger or less than the 0.2% Cr concentration,
the resistive change properties were worse or disappeared.
From the band diagram of the MIM structure, which has a
configuration of Al–Cr-doped SZO/LNO, one can know that
the carrier sources of leakage current under positive and neg-
ative bias voltage originate from different directions. Because
of the different electrode materials and process sequence, the
bottom and top interface layers should be quite different and
the responses of the bottom and top interface layers for the
resistance transition should be different. Therefore, the similar
trend in the leakage current density variation and the resistance
ratio in the both directions after the resistive transition should
be resulted from the effect of Cr-doped SZO film, not from that
of the interface layers. Fig. 2(a) depicts the plots of Ln(J/V)
versus for the H- and L-states. The L-state conduction

Fig. 3. Variation of the leakage current density with time at 85 C for the high
and the low leakage states.

follows Frenkel–Poole emission as indicated by a good linear
fit to the experimental data [7]. The Frenkel–Poole emission is
due to field-enhanced thermal excitation of trapped electrons
into the conduction band. The near zero slope of the linear fit
for H-state indicates that Frenkel–Poole emission is not the
dominated mechanism and implies that the ohmic mechanism
is the possible conduction mechanism for the H-state. The plot
of Ln(J) versus 1/T in Fig. 2(b) indicates that ohmic mechanism
is indeed responsible for the H-state [7]. The leakage current
density owing to ohmic conduction is related to thermal excited
electrons hopping from one isolated state to the next. There
are some nonlinearity in the fitting capacitance–voltage (I–V)
curves shown in Fig. 2(a) and (b), which possibly caused by the
contribution of two or more conduction mechanisms, measure-
ment noise, or nonideal condition. Therefore, we use dominated
mechanism for explaining the conduction of H- and L-states.
Furthermore, the Cr dopant should also play an important
role in the ohmic mechanism. Therefore, the leakage current
density of L-state increased in accordance with and
that of H-state increased linearly with increasing bias voltage.
So the resistance ratio of the two leakage states decreased
with increasing bias voltage (inset of Fig. 1). The conduction
mechanisms of the both leakage states were all bulk controlled,
not interface controlled. The results are consistent with the pre-
vious discussion about the resistive transition. A retention time
of more than 1800 s at 85 C was obtained for the Cr-doped
MIM device (Fig. 3), indicating that the device with such a
long retention characteristic. Furthermore, the device with the
properties of reversible switching and nondestructive readout
can serve as a nonvolatile memory device. Fig. 4(a) shows the
variation of leakage current density as a function of bias voltage
of the device and the response of the device after applying a

20 V, 5 ns pulse on the top electrode. That is, applying a
negative voltage pulse on the device changed the L-state to
H-state. On the other hand, Fig. 4(b) shows the switching of the
H-state to the L-state after applying a 20-V, 500 s pulse. The
influence of pulse amplitude on the resistance change was also
investigated (not shown here). While the positive pulsewidth
was larger than 500 s and the negative one was larger 5 ns, the
pulse amplitude larger than the switching voltage of dc voltage
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Fig. 4. (a) Leakage current density versus bias voltage for low leakage state
and (b) for high leakage state after adding the voltage pulse indicated.

sweep would change the state to the other state. The resistance
change driven by the voltage pulses had the same polarity
direction with that driven by the bias voltages. We have made
the same fitting as Fig. 2 using the data in Fig. 4 (not shown
here). It is indicated that the conduction mechanism of L-state
is dominated by Frenkel–Poole emission. Furthermore, it was
found that the conduction mechanism of H-state is related to
Frenkel–Poole emission under low bias voltage while under
high bias voltage, the conduction of H-state is still governed
by ohmic mechanism. This phenomenon may be attributed to
that the pulse operation has smaller transition time than the dc
voltage sweep. The transition time for the switching of the H- to

the L-state was five orders of magnitude longer than that of L-
to H-state, implying that the transition from L- to H-state was
easier than from H- to L-state. Therefore, the transition from
H- to L-state is the restricted part for the reversible switching
by voltage pulse operation.

IV. CONCLUSION

Cr-doped SZO films were deposited by RF magnetron sputter
to fabricate the MIM device under investigation. This device
with the properties of reversible switching, nondestructive
readout, and a long memory time is suitable for nonvolatile
memory application. The conduction mechanisms corre-
sponding to H- and L-states were investigated to provide some
explanations for resistive transition. The resistance transition
could also be driven by voltage pulses. The transition time of
H- to L-state was five orders of magnitude longer than that of
L- to H-state.
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