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Abstract. In this paper, a comparison of the interfacial electronic properties between Pt/Ir conductive atomic force
microscopy (C-AFM) tip and ZrO2 organic array was carried out. A uniformed ZrO2 array was fabricated with a
mean diameter of around 1 μm using laser interference lithography. A C-AFM measurement set-up was built up.
The I–V curve was directly measured of the organic ZrO2 array which shows a resistive switching characteristic by
C-AFM measurement. The set voltage is 18.0 V and the reset voltage is −5.0 V. After the Pt layer was coated on the
ZrO2 array, the set voltage decreases to 0.8 V and the reset voltage decreases to −2.2 V. This result shows that Pt
layer can prevent the potential drop effectively. The electron barrier height between Pt/Ir C-AFM tip and organic
ZrO2 array was enhanced by sputtering Pt layer on the ZrO2 organic array.
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Introduction

The study of organic-based devices, like transistors and lightemitting diodes (FETs, OLEDs), is developed very fast over
the last decade.1 At the same time resistive switches have
been observed on organic and polymer ﬁlms.2 This study
gives rise to an important application of organic thin ﬁlm
devices as memory devices. For the next-generation nonvolatile memory material, the most promising candidate is
resistive random access memory (RRAM) which is nonvolatile memories with high-density, high-speed and lowpower consumption.3–5
For further applications, it is still a challenge to fabricate
nano-structures of RRAM material. Micro-fabrication methods involve traditional lithography, chemical etching, electron beam directly writing, nano-imprint and so on. However,
the procedure and the cost of these methods are relatively
complicated and expensive for semiconductors process. In
this paper, we demonstrate a promising and low-cost method
for fabricating sub-micro-ZrO2 lattice by using the sol–gel
method combined with laser interference lithography.
Despite the extensive research, much of the underlying
mechanism is still unclear and controversial. This task could
be accomplished only with advanced measurement and technique such as in situ high-resolution transmittance electron
microscopy (HRTEM), conductive atomic force microscopy
(C-AFM) and so on.6–8 In this paper, the interfacial electronic properties between organic ZrO2 array and C-AFM
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tip have been investigated. In our research, the RRAM unit
consists of a C-AFM tip as an anode, a ZrO2 array dot as
RRAM material and a Cu electrode as a cathode. A uniform ZrO2 array dot with a mean diameter of about 1 μm
is fabricated by the photosensitive sol–gel method combined
with laser interference lithography. Hence, we can directly
measure the I –V curves of the ZrO2 lattice dot with the CAFM tip. In this method, we can avoid the inﬂuence from
read-to-read crosstalk and inﬂuence from micro-fabricate
process.

2.

Experimental

2.1 ZrO2 lattice preparation
Photosensitive ZrO2 ﬁlms were fabricated with the metal
alkoxide zirconium tetra-n-butoxide [Zr(OC4 H9 )4 ], benzoylacetone (BzAcH) and ethanol (EtOH) in the molar ratio of
Zr : BzAcH : EtOH at 1 : 1 : 40. After mixed and reﬂuxed
for 2–3 h, the photosensitive ZrO2 solution was obtained.
Then using the dip coating method ZrO2 organic ﬁlms were
formed on Cu substrate. The Cu substrates were fabricated
by magnetic sputtering. The UV–visible absorption spectra
was measured which is shown in ﬁgure 1. These spectra of
the ZrO2 ﬁlms were dip-coated on quartz glass substrate. It
was known that an absorption peak of BzAcH at 308 nm due
to the π -to-π * transition. These peaks shift to 338 nm in
the spectra of the ZrO2 gel ﬁlms. This red shift indicates the
chelation between Zr4+ and BzAcH, and the reaction results
in the partial replacement of the alkoxy group by β-diketone
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ligand (see equation (1)). Figure 1 also shows the change
of optical absorption spectra of ZrO2 ﬁlms irradiated by a
UV Kr ion laser. The intensity of absorption peaks at around
338 nm decreases step by step with increasing irradiation
time from 0 to 400 s. These decreasing spectra showed that
the chelate rings were dissociated by UV irradiation.
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ZrO2 array were fabricated by double exposures of twobeam laser interference through 90◦ degrees rotating the sample in its own plane between twice exposures with 350 nm
Krypton ion laser. After laser exposure, the exposed part of
ZrO2 gel ﬁlm is not soluble in leaching solution while the unexposed part is still soluble. Therefore, organic ZrO2 array
can be obtained.9,10
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Figure 1. The UV–visible absorption spectra of the photosensitive ZrO2 ﬁlm.

This C-AFM measurement system is consisted with an AFM
(Seiko Instruments Inc., SPI3800N/SPA-400) with a resolution of 0.1 nm in the x–y directions and 0.01 nm in the
z direction and a Keithly 2400 I –V source meter (Keithly,
USA). The conductive tips (PPP-CONT, Nanosensors)
were coated by sputtering deposition with a 25-nm-thick
double layer of chromium and Pt/Ir with an initial 20 nm
radius. In our C-AFM measurement study, RRAM unit consists of a C-AFM tip as an anode, a ZrO2 array dot as RRAM
material and a Cu electrode as a cathode. The current–voltage
(I –V ) curves were measured in air at room temperature as
shown in ﬁgure 2. In order to identify the RRAM properties of ZrO2 array, the Pt/Ir C-AFM tip is positioned at the
centre of one of the dots. During the C-AFM measurement,
Pt/Ir conductive probe and the base of the C-AFM are connected to Keithly 2400 meter to apply the excitation signal
and record voltage and current response of the RRAM array
dots. When the voltages from Keithly 2400 meter are applied
to the Pt/Ir C-AFM tip and Cu bottom electrode of the sample, the current ﬂow occurs through the cantilever and goes
back to the Keithly 2400 meter. Then a local I –V curve can
be obtained.
In order to solve the inﬂuence from huge contact resistance between the Pt/Ir C-AFM tip and a single ZrO2
array, a Pt layer was covered on the whole ZrO2 lattice by
sputtering.

Figure 2. Diagram of C-AFM set-up equipment.

Organic ZrO2 array by C-AFM measurement
3.

Discussion and results

3.1 Local I–V curves by C-AFM measurement systems
During the C-AFM measurement, the parameters of I Gain
and P Gain should be adjusted. The value of P Gain should
be set as 1/3 of I Gain value. The Pt/Ir conductive coating
could be off when the value of Force Reference (For. Ref.)
is too small. This value should be set from −1 to −4 nm.
The sweep voltage can be set from −25 to 25 V. Figure 3a
and b shows the local C-AFM images of ZrO2 array 2D
and 3D, respectively. The measured area is 10 × 10 μm.
The proﬁle image is shown in ﬁgure 3c. The height of array
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dot A (Z) is about 61 nm and dot B (Z) is about 58 nm.
The distance shown in ﬁgure 3c is the half of diameter. The
diameter of dot A is about 1.2 μm and dot B is about 1.1 μm.
Figure 3d and e shows local I –V curves which are measured
while the C-AFM image was scanning. The current compliance (CC) is applied to 100 μA during I –V sweep. When
the voltage goes to 18.0 V, the current increases rapidly
which means the OFF state switches to the ON state. During the negative side I –V sweep, when the voltage goes
to −5.0 V, the current decreases rapidly which means the
ON state switches to the OFF state. In order to make sure
the array dot is not shift during the C-AFM measurement,
an AFM image scan is very necessary after the local I –V

Figure 3. Local observation of ZrO2 lattice dot by C-AFM measurement systems. (a) Two dimensions and (b) three dimensions images of the ZrO2 lattice dot. (c) Proﬁle image of the ZrO2 lattice dot.
(d) Local I –V curves measured at positive voltage and (e) negative voltage.
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measurement ﬁnished. It gives off a large amount of Joule
heat when the current is moving through the ﬁlaments. This
result shows that the required switching voltage to set into
low resistance state under C-AFM set-up is larger than on
normal Cu/ZrO2 /ATO cell. It is attributed to the formation
of an adsorbate ﬁlm between Pt/Ir conductive tip and the
ZrO2 array dot. This could cause an additional potential
drop.11,12

3.2 Influence on a Pt layer by C-AFM measurement systems
Inﬂuence from the micro-fabricate process was shown
clearly which the set and reset voltage increased compared
with the normal ZrO2 thin ﬁlms.13 In order to decrease the
contact resistance from the formation of an adsorbate ﬁlm
between Pt/Ir conductive tip and the ZrO2 array dot, a Pt
layer was covered on the whole ZrO2 array by sputtering.

Figure 4. Local observation of ZrO2 lattice dot which is covered by the sputtered Pt by C-AFM
measurement systems.

Organic ZrO2 array by C-AFM measurement
Figure 4a and b shows the C-AFM images of ZrO2 array 2D
and 3D after a Pt ﬁlm sputtered on ZrO2 lattice. The measured area is 10 ×10 μm. The proﬁle image is shown in
ﬁgure 4c. The height of array dot A (Z) is about 30 nm
and dot B (Z) is about 28 nm. The diameter of dot A is
about 1.1 μm and dot B is about 0.8 μm. The height of array
dot decreased about 30 nm for the sputtering of Pt ﬁlm on
ZrO2 lattice dot. Figure 4d is a local I –V curve which is
also measured while the C-AFM image was scanning. The
current compliance (CC) is applied to 100 μA during I –V
sweep. When the voltage goes to 0.8 V, the current increases
rapidly which means the OFF state switches to the ON state.
During the negative side I –V sweep, when the voltage goes
to −2.2 V, the current decreases rapidly which means the ON
state switches to the OFF state. This result shows that Pt layer
can prevent the potential drop effectively.
Work functions of Cu and Pt/Ir are 4.65 and 5.50 eV,
respectively.14 When a Pt layer was sputtering on ZrO2 array
it is proved that the set voltage decreases from 18.0 to 0.8 V
while the reset voltage also decreases from −5.0 to −2.2 V,
which are relative to the electron injection from the Pt/Ir
C-AFM tip to ZrO2 organic array. The electron barrier
height between Pt/Ir C-AFM tip and ZrO2 organic array
is enhanced by using Pt layer sputtered. The electron barrier height between Pt/Ir C-AFM tip and ZrO2 organic array
was enhanced by sputtering Pt layer on the ZrO2 organic
array.

4.

Conclusion

A uniformed ZrO2 array with a mean diameter of around
1 μm is formed using laser interference lithography. A CAFM measurement set-up was built. Futher the I –V curves
of the ZrO2 array were directly measured. The set voltage is
18.0 V and the reset voltage is −5.0 V. When the Pt layer was
coated on the ZrO2 array, the set voltage decreased to 0.8 V
and the reset voltage decreased to −2.2 V. The contact resistance decreased after a Pt ﬁlm sputtered on ZrO2 array. Joule
heat moving through the ﬁlaments also goes down. This
is a effective way to protect the micro-fabricated resistive
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switching unit. And also the electron barrier height between
Pt/Ir C-AFM tip and ZrO2 organic array was enhanced by
sputtering Pt layer on the ZrO2 organic array. Low resistive
switching voltage ﬁne fabricated ZrO2 organic arrays were
fabricated.
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