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devices have shown superior performance compared
with traditional equipment [17, 18].

ABSTRACT
This work employs AgI-Ag3BO3 to fabricate nonvolatile
memory device. First the AgI-Ag3BO3 amorphous
material is prepared with quick cooling method. The thin
film is grown onto Pt electrode with pulsed laser
deposition. The resulting memory device presents a
superiorly high difference between the low and high
resistivity states, with a ratio above 106. In addition, the
device shows a high stability after more than 10
thousand cycles. This structure may be used as a
memory device with fast response and high stability.
Keywords - nonvolatile memory, pulsed laser deposition,
solid electrolyte, AgI-Ag3BO3

I.

INTRODUCTION

The rapid development of scale-down in the new era has
advanced plenty of novel paradigms of designs, e.g.,
high performance electrical devices [1]. A
straightforward method to work at small scale is to make
the constituent materials smaller [2, 3]. Another
approach is to find nanoscaled materials that as the
elemental building blocks [4, 5]. Other tactics involve
the infrastructures of multiple distinctly disparate
ingredients to achieve functional properties at the
macroscopic level [6-9]. The electrical equipment and
electronics are experiencing revolutions in different
fields [10-12]. For example, memories are needed
almost everywhere in our daily life and work space, such
as smart phones, computers, and servers. Due to the
explosion of data, the demand for high performance and
density memories are continuously increasing,
approaching the final limit of Moore's law. In the last
few decades, many endeavors have been put into the
novel nonvolatile memory devices. Solid electrolyte
materials attracted quite a lot of attention due to their
unique characteristics that are superior or comparable
with tradition materials [13-16]. A unique characteristic
of solid electrolyte is that its resistivity may alter within
a huge range, possibly 7 orders of magnitude. These
distinct states of resistivity can be used as the „1“ and
„0“ in memory devices. The successfully generated

In this work, a novel AgI-Ag3BO3 solid electrolyte
system was generated to fabricate nonvolatile device. To
the best of authors’ knowledge, this system has not been
applied before.

II.

EXPERIMENTS

AgI, AgNO3, and H3BO3 are thoroughly mixed with
molar ratio 1:3:1 and ground into fine powders at room
temperature (RT). The mixture is heated to 900 ˚C and
kept for 2 hours. The chemical reaction is:
3
3
3AgNO3  H3BO3 =Ag3BO3 + N 2O5  + H 2O 
2
2
The mixture is then quenched to RT into a bulk target
with a chemical composition of 1:1 AgI-Ag3BO3.
Pulsed laser deposition was performed on the bulk target
at a vacuum below 10-4 Pa. The laser fluence is 220 mJ
with a frequency of 5 Hz. The total deposition time is 7
minutes.

III.

RESULTS

3.1. Characterization
The XRD pattern (Fig. 1) shows that the generated
material is apparently amorphous with a very small
content of crystalline fractions. The characteristic peak
with a circle is α-AgI, while the square is Ag(111).
Among the two common phases of AgI, β-AgI has a
lower conductivity than α-AgI. There have been a few
reports on the applications of α-AgI, e.g., Tatsumisago et
al. prepared nanocrystalline α-AgI in glassy networks at
RT [19].
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Fig. 1. XRPD pattern of the generated AgI-Ag3BO3
The generated thin film was examined under TEM and
the image is presented in Fig. 2. Based on the image, the
AIB thin film shows a morphology of nanocrystallites.

Fig. 3. XPS results of the AgI-Ag3BO3 thin film
Fig. 4 shows the structure of the final memory device
based on AgI-Ag3BO3. The substrate at the bottom
electrode is Pt and the top electrode is Ag. The thickness
of Ag is about 100 nm and the AIB thin film is ~250 nm.
The nonconductive SiO2 was deposited on the Pt
electrode and drilled with focused ion beam etching.

200 nm
Fig. 2. TEM image of the AgI-Ag3BO3 thin film
The X-ray photoelectron spectroscopy (XPS) of the AgIAg3BO3 thin film is shown in Fig. 3. Based on the
results, the Ag atom in the thin film is close to metal,
indicating that it has a weak interaction with I. As a
result, it may be easily converted to free Ag in electrical
field.

Fig. 4. Structure of the memory device based on AgIAg3BO3
The on/off switching effect of the memory device based
on AgI-Ag3BO3 thin film is shown in Fig. 5. The ratio
between high and low resistivity is above 106 and the
device is cycled for more than 104 times.
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Fig. 5. The on/off switching of the memory device based
on AIB thin film

Fig. 7. AIB thin film device read-write cycles under 1
kHz

IV.

CONCLUSION

This study prepares AgI-Ag3BO3 amorphous solid
electrolyte via the quick cooling method. Then the AgIAg3BO3 thin film is grown onto Pt electrode with pulsed
laser deposition. The resulting memory device shows a
great difference between the low and high resistivity
states, with a ratio above 106. In addition, the device
shows a high stability after more than 10 thousand
cycles. This infrastructured device may be used as a
memory device with fast response and high stability.
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