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Abstract

Amorphous silicon carbide resistive memory cells
are shown to exhibit the highest Rore/Roy ratio record-
ed for any resistive memory in pulsed switching. The
switching characteristics are investigated and fitted to a
numerical model. The SET mechanism for these cells is
found to be due to ionic motion without joule heating
contributions, leading to large Vsgr. The high thermal
conductivity and resistivity of the SiC memory cells re-
sult in slow switching but, with high state and thermal
stability, show potential for harsh environment use. Ra-
diation properties of SiC memory cells are investigated.
No change was seen in switching properties nor in con-
ductive mechanism, up to 2Mrad(Si) using ®°Co ionizing
gamma radiation.

1. Introduction

Resistive memory has the potential to become a suc-
cessful non-volatile memory, replacing semiconductor
memories with simple, low power, and high density arrays.
Resistive memory can be switched between a high re-
sistance state (HRS) and low resistance state (LRS) through
an applied bias. Two types of resistive memory exist; va-
lence change memory (VCM) and electrochemical memory
(ECM) [1].

ECM cells work based upon the movement of cations
within an electrolyte layer. Amorphous SiC shows great
potential as the electrolyte layer with excellent state stabil-
ity and ultra-high ratio memory cells, although slow to
switch [2,3]. This was previously attributed to a high diffu-
sion barrier of SiC for Cu along with high thermal conduc-
tivity [4]. However, no qualitative investigations into the
switching characteristics were performed and no study was
conducted into the SET mechanism.

Here, Cu/a-SiC/Au memory cells are investigated
through the analysis of pulsed measurements in comparison
to a previously reported analytical model [5]. SiC’s good
thermal and state stability indicates a potential use for these
memory cells in space and nuclear applications. Radiation
tolerance of ECM cells are investigated through the ioniz-
ing irradiation of Cu/a-SiC/Au memory cells up to a high
dose of 2Mrad(Si).

2. Switching Characteristics

Cu/a-SiC/Au memory cells were fabricated as described
in previous publications [6]. Fig. 1 shows a graphical rep-
resentation of the layout. An Agilent B1500A semiconduc-
tor parameter analyzer was used to perform DC and pulsed
measurements.  Pulsed measurements  resulted in
Rore/Ron=>10° as shown in Fig. 2. This is the highest ratio
recorded for pulse switching of any resistive memory, as a
result of the large Rorr value, which is thought to originate
from the presence of a Cu/SiC Schottky Barrier [2].
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Fig. 1 Graphical representation of Cu/a-SiC/Au memory cells.
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Fig. 2 Cu/a-SiC/Au memory cell measured using -5V, 0.5s pulse

for RESET and +10V, 0.01s pulse for SET, exhibiting Ron~3092,
Ro’:’:“lOlOQ, reSUIting in ROFF/ RONE].OS.

A numerical model of the switching mechanisms for
ECM cells has been reported in Ref [5], modelled as fila-
ment growth and reduction based on ion migration through
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thermally assisted hopping as shown by eq. (1),
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where ¢ is the filament diameter, A is a constant, Exg is
the energy barrier for ion hopping, a is the barrier lowering
coefficient, q is the elementary charge, V is the applied
voltage, k is the Boltzmann constant, T, is room tempera-
ture, p is the electrical resistivity and kg, is the thermal
conductivity.

This work introduces a condition to this model, ena-
bling the switching mechanism to be determined. If
pkin>>V%8T,, eq. (1) reduces to eq. (2) indicating the
mechanism is due to ionic motion only without any joule
heating contributions.
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For the SET process in the Cu/a-SiC/Au memory cells,
high thermal conductivity (ky=490W/mK) along with ex-
tremely high Rore values leads to an ultra-high pky, value
compared to other memory cells in literature, resulting in
purely ionic motion with no joule heating contribution.
Pulsed measurements were conducted to investigate the
switching mechanism and verify this condition.

The switching mechanism was experimentally identi-
fied using pulsed measurements with varied durations. Fig.
3 shows that for the SET mechanism, an exponential rela-
tion exists between Vsgr and tsgr. This is seen in eq. (2)
hence showing agreement to the numerical model whereby
the SET process in these SiC memory cells are determined
by ionic motion without joule heating contributions. The
large Vet required for these memory cells can be attributed
to the lack of joule heating, originating from low resistivity
and high thermal conductivity of SiC.
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Fig. 3 Time dependencies of SET mechanism for pulsed switching
of Cu/a-SiC/Au memory cells, displaying an exponential relation.

3. Radiation Effects

Cu/a-SiC/Au memory cells were irradiated using *°Co ion-
izing radiation up to 2Mrad(Si). Fig. 4 shows two sets of
pulsed measurements, before and after radiation. The ul-
tra-high average Rorr/Ron=>10% remains after radiation. DC
sweep measurements were conducted verifying LRS con-
duction mechanism remained as ohmic conduction, whilst
the HRS state remained as Schottky emission.
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Fig. 4 Cu/a-SiC/Au memory cell measured before and after
2Mrad(Si), with a ratio of Roge/ Ron>10° maintained.

No noticeable radiation induced change in conduction
mechanisms, with little impact on Rore/Roy Up tO
2Mrad(Si) indicates the potential use for SiC resistive
memory in space and nuclear industries.

4. Conclusions

Cu/a-SiC/Au memory cells have shown pulsed switch-
ing with ultra-high Rore/Ron=>108, the highest published
ratio to date, originating from high Rogr. The high Rogr and
thermal conductivity of these memory cells indicates that,
using condition pkyp>> V2/8T0, the SET mechanism is due
to ionic motion with no joule heating contributions result-
ing in slow switching memory cells. These memory cells
are radiation hard up to 2Mrad(Si) with negligible change
seen for ratio and conduction mechanisms, indicating their
potential use in harsh environments.
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