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1. Abstract
We simulate voltage-driven ion migration in gate oxides
as a potential mechanism to develop non-volatile
memories (NVMs) as appropriate candidates for
neuromorphic computing applications. Our study aims to
give insights about the impact of ion mobility and ion
concentration in the device memory window (MW).

2. Introduction

NVMs are attracting great interest as key components to
implement highly efficient artificial neural networks
(ANNS) [1]. In spite of some successful experimental
examples [2,3], the fabrication of NVMs is still in an
early stage of development, with most demonstrations
exploiting filamentary formation, a physical process
prone to statistical fluctuations. In this context, NVMs
based on three terminal transistors, exploiting the
voltage-driven migration of oxygen vacancies and ions in
the gate-insulator stack, constitute a promising
alternative. In this work, we implement an ad-hoc
simulator to analyze the impact that mobility and
concentration of oxygen vacancy-related dipoles have in
the performance of these devices.

3. Methods
The simulated device consists of a 20 nm-thick Ge
channel sandwiched between two layers of Al,Os. The
schematic with geometrical specifications and material
parameters are shown in Fig. 1 and Table 1, respectively.
The 3.5 nm-thick top oxide contains mobile oxygen ions
(z = —2) and oxygen vacancies (z = +2), where z is the
ion valence. Ata sufficiently large gate bias (V4), mobile

ions drift, modifying the threshold voltage (V) and,
subsequently, the channel conductivity. Simulations are
performed using an in-house numerical tool that self-
consistently solves the two-dimensional Poisson
equation, the continuity equation for electrons and holes
based on the pseudo-Fermi energy level, and the drift-
diffusion equation for ions. The applied signals are
divided in two categories as shown in Fig. 2: (i) a
Program/Erase (P/E) signal, and (ii) a Read signal. The
P/E signal is a 100 ns wide square pulse with amplitude
Vig = +4/—4 V at constant Vs = 0 V to separate the
mobile ions inside the top gate oxide. The read process
makes use of triangular signals with amplitude Vy, = 0.5
V and frequency 10 MHz, at a constant V;; = =50 mV.

This reading signal barely perturbs the ion distribution set
in the P/E phase. As a result, the application of the P/E
pulses produces transfer characteristics with different
threshold voltages as depicted in Fig. 3. The device
memory window (MW) is defined as the difference
between the V, required to get the drain current density

J = —0.5 pA/um after the application of P/E pulses.

4. Results and Conclusions

The MW s affected by ion mobility, x., and ion
concentration, c,. It was found that a high value of both
parameters is required to achieve a large MW, as depicted
in Fig. 4 and Fig. 5. However, if these parameters are
excessively high, ions will follow the input triangular
signal without delay or the switchable polarization would
be reduced, narrowing the MW in the reading process.
On the contrary, if e and co are too low, ions will not
drift during the P/E process or would not significantly
impact the channel electrostatics regardless their
distribution. In both cases, the MW will be reduced.
Another important metric to consider is the stability of
the MW, which tends to reduce after several reading
cycles for the higher . and ¢y values, as shown in Fig. 6.
It is concluded that only for a limited range of values,
both parameters provide the required performance. In this
study, the optimal MW is achieved for y, = 7.2 - 10710
cm?/(Vs), ¢, = 9.5 - 102° cm3,
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Fig. 1. Device structure employed in this study.
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Table 1. Geometrical and material parameters employed in
the device simulation.
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Fig. 2. Voltage signals applied to (a) the front gate terminal
Vg, and (b) the drain contact, Vg;.
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Fig. 3. Current densities obtained for the sweep-down of the
first Reading pulse after a Program signal (red, +4V), an
Erase signal (blue, -4V) and a neutral signal (black, 0V).
These results correspond to parameters y, = 7.2 - 10710

cm?/(Vs), ¢, = 9.5 - 10%° cm3, The inset depicts the Memory

Window (MW) as a function of current density, J (WA/um),

with dotted line at J = 0.5 pA/pum.
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Fig. 4. MW as a function of c,, measured in the sweep-down
of the first cycle, for different values of y..
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Fig. 5. MW as a function of u., measured in the sweep-down
of the first cycle, for different values of c,.

0.6 4 . = -— 4
a)
0.5 o (Cm73)
= 041 —9.5.107
E 03 —95.101%
—_ 19
S 02 9.5-10
—9,5.10%
014 T T T
= : : * ;
1 2 3 4 5
No. of cycles, e = 7.2-1071% em?/(Vs)
0.5 4
b;\'\'\-\.
041 He (cm?/(Vs))
E 0.3 — 72-1077
= — 72.107%
0.2 1 —_— -1
= 7.2-10
0.1 1 — 72-10712
. 2 s 4 *
019 ? Y ? ?
1 2 3 4 5

No. of cycles, cg = 9.5-10" cm™3
Fig. 6. MW measured during the sweep-down of each cycle
for () u, = 7.2-1071° cm?/(Vs) and (b) ¢, = 9.5 - 10*°cm®
varying o and L, respectively.





