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Resistive switching random access memory
(RRAM) is one of the most promising emerging
memory devices. The resistive switching cell
operation is based on achange in resistance of
a metal-insulator-metal (MIM) structure caused by
ion migration combined with redox processes in
a dielectric layer. Atomic layer deposition (ALD) i
often employed for preparation of the dielectric
films. TiO, and HfQ are among the most popular
dielectric layers used in resistive switching meynor
cells [1, 2].

In our contribution we present preparation and
properties of metal-insulator-metal structures
comprising TiN bottom electrode, TjOor HfO,
dielectrics, and Pt top electrode. Fiend HfG thin
films were prepared by ALD at 300 °C using
titanium isopropoxide and tetrakis
(ethylmethylamino)hafnium, respectively, as
precursors. Thermal, plasma and ozone assisted
ALD modes were employed for the growth of the
oxide films. TiN bottom (BE) and Pt top (TE)
electrodes were prepared by sputtering and vacuum
evaporation, respectively, using shadow mask. The
area of the tope electrode was 300 x 3067
Thickness of the Ti@films ranged from 20 to 30
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Fig. 1. Resistive switching loops of the 20 nm
TiO; film with 3 nm ALO; barrier below the top
electrode. The films were prepared using ozone
assisted ALD. The inset shows current in a high
and low resistivity states, resp. in 100 conseeutiv
loops.

nm, while thickness of the HfCfilms was in the
range from 5 to 10 nm. As deposited Ti@ims
were too leaky to perform electroforming.
Consequently, AD; barrier with a thickness of 2 —
4 nm was deposited on top of the Fi@ims to
suppress leakage current.

Electroforming with the current compliance was
necessary to establish resistive switching. After
initial electroforming both Ti@ and HfGQ-based
MIM  structures exhibited bipolar resistive
switching. Several loops (sweeping from 0 to
maximum bias and back in both polarities) were
necessary to obtain stable switching loops,
displayed in the Fig. 1 and 2.

TiO,-based structures exhibited bipolar resistive
switching with a high operation current and on/off
current ratio of about 100. Application of the,®}%
barrier resulted in significant decrease in operati
current density and increase in the on/off ratioe T
structures with 4 nm of AD; barrier showed
operation current ~ 1OA, on/off current ratio of
about 80 at the reading voltage of 0.2 V. Resistive
switching characteristics with similar parameters
were observed also for MIM structures with HfO
dielectric film.

In our contribution we show that ALD is a
promising technique for preparation of resistivity
switching structures because it offers possibiiiy
control the oxide layer growth and modify the
oxide/electrode interfaces on an atomic level.
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Fig. 2. Resistive switching loops of 5 nm Hf@im.
The film was prepared using plasma assisted AL Th
inset shows current in a high and low resistiviBtess,
resp. in 100 consecutive loops.



