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Resistive random access memory using Al-doped zinc tin oxide (AZTO) as resistive switching
layer was prepared by radio-frequency magnetron sputtering at room temperature. The Ti/AZTO/Pt
device exhibits reversible and robust bi-stable resistance switching behavior over hundreds of
switching cycles within 2V sweep voltage. The Ti/AZTO/Pt device showed stable retention
characteristics for over 10* s under read disturb stress condition. Besides, the electrical conduction
mechanism was dominated by ohmic conduction in low resistance state, while the current transport
behavior followed a trap-controlled space-charge-limited conduction process in high resistance
state. © 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4742737]

Resistive random access memory (RRAM) has attracted
substantial attention for use in next-generation nonvolatile
memory (NVM) applications owing to its superior perform-
ance, simple structure, low power consumption, favorable
scalability, and fast switching."™ Transparent amorphous
metal oxide semiconductors (TAOS), including amorphous
InGaZnO (a-1GZO) film that is used as the resistive switch-
ing layer of RRAM devices, exhibit remarkable resistance
switching characteristics.>*° Moreover, the use of a-IGZO
film for nonvolatile memory device will be easily integrated
with the a-IGZO thin film transistor (a-IGZO TFT) back-
plane in the emerging transparent flat panel displays (FPDs)
for system-on-panel (SoP) applications.”® However, the
TAOS target materials that comprise indium (In) and gallium
(Ga) are in great demand for use in the manufacture of opto-
electronic devices, such as thin film transistors, light-
emitting diodes, lasers, solar cells, and radio-frequency (RF)
circuits.”!'! In this work, In- and Ga-free TAOS materials
are utilized to demonstrated RRAM characteristics, with the
ultimate benefit of decelerating the rapid consumption of the
elements In and Ga in the Earth. Aluminum-doped zinc (Zn)
tin (Sn) oxide (AZTO) was used as a resistive switching
layer, which is also easily integrated with AZTO TFT array/
periphery circuits in FPDs.'? Furthermore, the RRAM device
in this work is as reliable as previously described IGZO-
based RRAM technologies, in terms of continuous switching
endurance and data retention under the read disturb
operation.””’

Resistive memory devices with titanium (Ti)/AZTO/
platinum (Pt) structures were fabricated at room temperature,
as presented in the inset in Fig. 1(a). First, titanium oxide
(TiO,) was deposited as a buffer layer by electron-gun
(e-gun) evaporation on a silicon substrate to ensure strong
adhesion. Then, a 50 nm-thick Pt layer, acting as the bottom
electrode, was also formed by e-gun evaporation. A 50 nm-
thick AZTO resistive switching layer was subsequently de-

YAuthor to whom correspondence should be addressed. Electronic mail:
ptliu@mail.nctu.edu.tw. Tel.: 886-3-5712121, ext. 52994. FAX: 886-3-
5735601.

0003-6951/2012/101(5)/052901/3/$30.00

101, 052901-1

posited by RF magnetron sputtering using an AZTO ceramic
plate target that consisted of ZnO, SnO,, and Al,O;
(67:30:3mol. %). The Ar gas flow rate was set to 10 sccm,
and the sputtering pressure and power were 3m Torr and
80 W, respectively. Finally, a 50 nm-thick Ti layer was de-
posited, without breaking the vacuum, as the top electrode,
to minimize the dispersions of resistive switching parame-
ters.'® The size of a memory cell was determined using a
shadow mask with a diameter of 0.6 mm. Electrical measure-
ments were made using a Keithley 4200 semiconductor char-
acterization analyzer in DC sweeping mode.

Figure 1 plots a typical bipolar resistance current-
voltage (I-V) characteristic of the AZTO RRAM device
under DC sweeping at room temperature. Applying positive
DC sweeping voltages gradually activates the as-deposited
memory cell, initially forming a conductive path; this pro-
cess is called the “forming process.” The current suddenly
increases at the forming voltage, and the cell was shifted
from the high resistance state (HRS) to the low resistance
state (LRS). After the bias was swept over the re-set voltage
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FIG. 1. Typical bipolar resistance switching I-V curves of the AZTO
RRAM with Ti/AZTO/Pt device structure, measured at room temperature.
The inset showing the resistive memory devices with titanium (Ti)/AZTO/
platinum (Pt) structure.
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FIG. 2. (a) Switching cycling test under a current compliance of 3 mA. (b)
Retention characteristics for the HRS and LRS at room temperature, as
measured at 0.2 V under a durable stress of 200mV.

of around —1.6'V, the current dropped abruptly, where the
memory cell switched from LRS to HRS. This process is
called the “reset process.” The cell returns to LRS when a
positive bias that exceeds the set voltage (~1.1V) is applied,
and a compliance current (CC) of 3 mA is applied to prevent
permanent breakdown. The endurance and data retention of
the proposed RRAM device were measured and analyzed.
As presented in Figs. 2(a) and 2(b), the successive set/reset
process in DC sweep mode and the resistance ratio of HRS
to LRS (Ryrs/Rirs) is 18 at a reading voltage of 0.2V, and
the resistance remains robust after 256 cycles of I-V sweep-
ing. The data retention characteristics were investigated by
performing a read disturb process by applying a sustained
stress voltage of 200 mV in both HRS and LRS. Experimen-
tal results reveal no significant change in resistance in either
case after 10%s.

The crystalline quality of the as-deposited AZTO film
was characterized by x-ray diffraction (XRD), as displayed in
Fig. 3. The XRD pattern of the AZTO film includes not sharp
peak, indicating that the AZTO film is amorphous. The inset
in Fig. 3 shows O 1s peaks in the x-ray photoelectron spec-
trum (XPS), providing information on the chemical bonding
states of AZTO film. The experimental data were fitted by
summing two peaks. The peak at the lower energy, 529.6eV,
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FIG. 3. XRD patterns of the AZTO thin film. The inset represents the XPS
spectra of the O 1s core levels in the AZTO film.

corresponds to the metal ion array, while the peak at the
higher energy, 531eV, is associated with non-lattice oxygen
ions (027) in the deficient regions within the matrix of
AZTO. The non-lattice oxygen ions are involved in charge
transportation in the metal oxide-based RRAM device.'*

Not only is the material characterized, as described
above, but also the mechanism of the flow of current in the
AZTO RRAM device is explored by analyzing the I-V char-
acteristics, which are plotted on Fig. 4 on a double-
logarithmic scale. The inset represents the LRS in the reset
process, in which the current depends linearly on the voltage
with a slope of 1.14, indicating ohmic-like conduction. This
result suggests that the reset process is caused by rupturing
the conducting filaments that contain oxygen vacancies.'’
The HRS in the set process, however, is slightly more com-
plicated than the LRS. Precise curve fitting method was
confirms that the setting process follows a trap-controlled
space-charge-limited conduction (SCLC) process. The
charge transport mechanisms can be described using three
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FIG. 4. The conducting mechanism with double logarithmic plot, showing
the space-charge-limited-current conduction dominant in HRS by curve fit-
ting. The inset shows the conduction mechanism of LRS is an ohmic-like
behavior.



052901-3 Fan et al.

regimes, which are ohmic-like behavior, the square-law re-
gime, and the regime with a steep increase in current. In the
low-voltage operation regime, electrons were thermally gen-
erated inside the AZTO film, and conduction was by hop-
ping, resulting in ohmic-like transportation. When the
voltage exceeded 0.2 V, electrons were injected from the bot-
tom electrode and the current-voltage slope changed from
1.07 to 2.01. In this stage, shallow traps were gradually
filled, and this process dominated the trap-controlled SCLC
up to a voltage of ~0.8V, which is the trap-filled-limited
voltage (VrrL).'© As the applied voltage is further increased
[region (IIT) in Fig. 4], the injected electron current begins to
be dominated by the deep-level trap-controlled SCLC, lead-
ing to a huge increase in current. Eventually, the RRAM de-
vice switches to the LRS at V.

In summary, resistive nonvolatile memory cells with a
Ti/AZTO/Pt structure were fabricated at room temperature.
The developed AZTO RRAM device exhibited bipolar
switching behavior, remaining in a stable resistance state
with exhibiting switching responses over 256 cycles, and a
retention time of 10*s under a read disturb operation. The
replacement of In and Ga-containing TAOS materials with
AZTO film can effectively slow down the consumption of In
and Ga elements, markedly reducing the cost of production
of TAOS-based electrical devices. Moreover, the use of
AZTO RRAMs in FPDs technology is potentially beneficial
for the realization of SoP applications.
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