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1. Introduction

Since the first observation of the bi-stable resistance
states in 1960s, a lot of research has been devoted in an
effort to understand the switching mechanism and to im-
prove electrical properties for Resistance Random Access
Memory (RRAM) applications. In recent years, Resistive
switching (RS) effects have been reported in various mate-
rials, including perovskites [1, 2] , binary transition metal
oxides such as NiO [3-5], TiO, [6], ZrO, [7], ZnO [8, 9]
and Cu,O [10], and even organics [11].Among them, binary
oxides have advantages of simpler compositions, lower
deposition temperatures and better compatibility with com-
plementary metal-oxide—semiconductor (CMOS) processes,
which makes them promising candidates for practical ap-
plications. As one of the most important binary oxides at
present, ZnO has found wide applications, because of its
versatile favorable properties and facile preparations [12,
13. Therefore, the development of ZnO-based RRAM
would be of both scientific and commercial interest. In this
point of view, ZnO with good resistive switching behavior
have advantages. In this paper, we have investigated the
resistance switching characteristics of ZnO single crystal
whiskers.

2. Experimental Procedure

A horizontal tube furnace was used for the growth of
ZnO single crystal whiskers. Mixture of ZnO and graphite
in 1:1 ratio (by weight) was used as a source material. It
was loaded on a quartz boat and placed in the center of 1 m
long quartz tube. High purity argon and oxygen gases were
introduced through one side of the furnace and other side of
the quartz tube was connected to a water bubbler. The ma-
terial was heated to 1100°C under a constant flow of 500
sccm argon. On stabilizing the temperature, the gas atmos-
phere was switched to 98% argon and 2% oxygen at same
flow rate. The furnace was maintained under these condi-
tions for 30 mins and then cooled to room temperature at a
rate of 6°C/min. The transparent colorless needles shaped
whiskers with hexagonal cross-section were found to grow
in boat the up flow direction of the gas.

The devices were structure over a SiO,/ Si substrates.
Ag paint was used to make contacts for electrical meas-
urement. The schematic of the device structure is shown in
the Fig. 1. The I-V characteristics were measured with
standard two wire 1-V curve method by precision source
meter (Keithley 6221) and nanovoltmeter (Keithley
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Fig. 1. Schematic of the device structure

3. Results and Discussion

In Fig. 2 ZnO single crystal whisker device used in the
present investigation is shown. The I-V measurements are
done between the electrodes with ~ 150 um separation.
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Fig. 2. ZnO single crystal whisker with Ag contacts used in
the present investigation.

I-V characteristics of Ag/ZnO/Ag with current biasing
is depicted in Fig. 3. The measurement current is swept
from 1pA to -1 pA. The IV characteristics show two stable
resistive states R1 of Low resistance for I> 0.4uA and R3
of High resistance for I< 0.3uA with intermediate resis-
tive state R2 for 0.3uA < 1<0.4 uA. There are anomalous
fluctuations in resistance between R1 state and R2 state as
shown in marked boxes in Figure 3, till the stable resistance
state is achieved. These fluctuations are similar to what had
been observed in reference [14]. R1 state can be regarded
as Roy state and R3 state can be regarded as Rogr State.
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Fig. 3. 1-V characteristics of ZnO single crystal whisker
with current biasing.
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Fig. 4. I-V characteristics of ZnO single crystal whisker in
log scale

The observed resistive switching is symmetric for positive
and negative polarity of the biased current as shown by the
I-V characteristics in logarithmic scale in Fig. 4. These
resistive states do not change when the current is swept
from -1 uA to 1 pA or 0 to 1 pA and similar resistive
switching behavior is observed with repeated measure-
ments. R1 state show good ohmic character as expected for
ZnO and Ag contacts, because there is no barrier at the
Zn0O-Ag interface as the electron affinity of ZnO is 4.5 eV
and the work function of Ag is 4.2 eV. The R3 state show
nonlinear character. The observed phenomena give im-
portant clues on the memory switching origin in ZnO single
crystal whiskers. The I-V curves which are shown to be a
current-controlled negative differential resistance case
suggest a percolative formation of localized filamentary
conducting paths. The intermediate resistance states can be
explained in terms of formation of additional percolation
paths during the current stress. The microscopic nature of
conducting filaments and electric-field effects on the
memory switching mechanism still need further investiga-
tion.
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3. Conclusions

The resistive memory switching in ZnO single crystal
whiskers has been investigated. The intermediate resistance
states between Roee and Ron States and anomalous re-
sistance fluctuations between intermediate resistance states
and Rogr state have been observed by using the current-bias
method. The observed phenomena could be explained by
formation and rupture of localized filamentary conducting
paths as the memory switching origin. The microscopic
nature of conducting filaments and electric-field effects on
the memory switching mechanism still need further inves-
tigation.
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