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ABSTRACT

Remarkable improvement of cycling endurance was
achieved by the addition of a trace amount of an ionic
liquid ([omim][Tf,N]) that contains Cu(Tf,N), to the
HfO, layer of a CB-RAM with a Cu/HfO,/Pt structure.
The improvemet was brought about by the significant
improvement of the dispersion of a set voltage owing to
the smooth diffusion of Cu ions in ionic liquids.

1. INTRODUCTION

We reported that the reduction of switching voltages and
the improvement of an tolerance against external stimuli
such as voltage and temperature can be achieved by
supplying ionic liquid (IL) to the memory layer of
conductive-bridge random access memory (CBRAM) [1].
On the other hand, it was reported that doping of Cu to the
memory layer reduced switching voltages and improved the
dispersion of the switching voltage and data retention [2,3].
However, the data endurance, at the same time, worsened
with increasing the doped Cu concentration, due to the
formation of filaments that are too thick to be ruptured for
reset [3]. Inspired by these results, we hypothesized that the
addition of an appropriate Cu salt solution of IL would
improve a cycling endurance as well as the switching
voltages and the data retention of CB-RAM. This
hypothesis is based on the expectation that the segregation
of Cu, which is a main factor causing reset failure, could be
avoided in liquids as compared to in solids. In this paper,
we investigated the additive effect of Cu containing IL on
the switching endurance and dispersion of switching
voltages.

2. Experiment

A HfO, layer with a thickness of 12 nm was deposited on
a Pt(100nm)/ Ti(20nm)/SiO,(100nm)/Si(650um) substrate
using the RF sputtering method. By contacting the surface
of the HfO, film with a Cu-probe, a Cu-probe/HfO,/Pt
structure was created at the contact region (Fig. 1(a)). The
voltage was applied to the Cu-probe with the Pt-electrode
grounded. A drop of IL was added to the surface of the
HfO, film (Fig. 1(b)) and then the Cu-probe was brought
into contact with the surface through the droplet of IL.
Current-voltage (I-V) characteristics were measured using a
semiconductor parameter analyzer (Agilent 4155C) in DC
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sweep mode and a current compliance value at which a
current flowing through CB-RAM structures is limited, was
fixed at 100 pA for forming and set processes.

We prepared [bmim][Tf,N] solution containing Cu(Tf,;N),
(Cu-IL) with the Cu concentrations of 0, 0.2, 0.4 M, and
added them to the HfO, layer of Cu/HfO,/Pt cells.

3. RESULTS AND DISCUSSION
3. 1 Addition effect of Cu-IL on a cycling endurance

Fig.2 shows survival rates of Cu/HfO,/Pt devices meas-
ured in the presence of pure IL and Cu-IL, where the sur-
vival rate is defined as the percentage of cells that can still
work after each switching cycle. The result for the control
experiment without any additive is also shown for compar-
ison. The survival rate of the IL-non-added samples de-
creased to 30% after 100 switching cycles. On the other
hand, the cycling endurance was improved significantly by
the addition of Cu-IL. The survival rate after 100 switching
cycles was increased with increasing the Cu concentration
and reached 70% and 90% for the Cu concentration of 0.2
and 0.4 M, respectively.
3. 2 Addition effect of Cu-IL on the dispersion of
switching voltages

Figs. 3(a)-(d) show probability densities of Vg for
Cu/HfO,/Pt devices measured in the absence of IL, in the
presence of pure IL, and in the presence of Cu-IL of the Cu
concentration of 0.2 and 0.4 M, respectively. The dispersion
of V¢ decreases with increasing the Cu concentration. The
dispersions of Vg are fit well to Gaussian functions (solid
curves in Figs. 3) with the small standard deviation of 0.33
and 0.31 V respectively for the Cu concentration of 0.2 and
0.4 M, whereas the deviations from Gaussian functions are
significantly large for IL-non-added and pure IL-added
samples. The vertical lines in Figs. 3 indicate V's imme-
diately before the subsequent reset errors, suggesting that
reset errors is caused mainly due to the occurrence of
anomalously large V. It is expected that the smooth diffu-
sion of Cu ions in ILs reduces the mean V value and its
dispersion, and prevents the segregation of Cu. The
superior survival rate and Vg dispersion of Cu-IL-added
devices suggest that Cu ions which are contained originally
in the Cu-IL contribute dominantly to the resistive
switching. The dispersion of Ve Was also improved by the
addition of Cu-IL as shown in Fig. 4.



4. Summary

Significant improvements of the cycling endurance and
dispersion of switching voltages were accomplished by the
addition of Cu-IL to the HfO, layer of the Cu/HfO,/Pt de-
vice.
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Fig. 1 (a) Cu-probe/HfOs/Pt device structure.
(b) Measurement of addition effect of Cu-IL.
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Fig. 2 Survival rates of Cu/HfO,/Pt devices measured in the
presence of pure [bmim][Tf,N] and Cu(Tf,N),/[bmim][Tf,N]
(Cu: 0.1, 0.2, and 0.4 M). “Blank” indicates the results for the
control experiment without any additive.
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Fig. 4 Probability densities of Ve for Cu/HfO2/Pt devices
measured in the presence of pure [bmim][Tf2N] and
Cu(TfN),/[bmim][Tf,N] (Cu: 0.1, 0.2, and 0.4 M).
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Fig. 3 Probability densities of Vg for Cu/HfO,/Pt devices

measured (a) in the absence of IL, (b) in the presence of pure

IL, and in the presence of Cu-IL of the Cu concentration of

(c) 0.2 and (d) 0.4 M. The vertical lines indicate Vg's imme-

diately before the subsequent reset errors.



