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Abstract — Chalcogenides are attractive materials for
microelectronics applications due to their ability to change
physical, optical and electrical properties under applied electric
stimulus. One of the most recent interests in chalcogenides is
their use to enable the development of a two-terminal selector
device, which is a fast, volatile, resistance switching device.
The electrical signature of Ovonic Threshold Switching (OTS)
chalcogenide materials is well suited for such applications.
While there are numerous known OTS materials, most of them
contain toxic elements. There is hence a need to find
environment-friendly OTS materials. For this to happen, we
strive to predict electrical device parameters only from
atomistic first-principles simulations of the chalcogenide
materials, as this can be a faster and less expensive route to
screen the performances of chalcogenides candidates. By
mapping the experimentally measured set of electrical OTS
materials into atomistic models and computing their electronic
properties, we were able to identify correlations between
computed properties such as the theoretical trap/mobility gaps,
the local atomic coordination environments of the elements
adopted in the material and the experimentally-measured first-
fire/ threshold/ hold voltages, hold / leakage currents or
extracted trap density. These findings can guide in identifying
OTS material with predefined electronic properties, tailored to
the requirements of specific microelectronics applications with
only first-principles simulations.

KEYWORDS: OTS, Ovonic switching, chalcogenide,
selector, first principles.

I. INTRODUCTION

Chalcogenide materials are currently widely used in the
industry as optical '** or electrical memory storage >°. These
materials’ ability to reversibly crystallize or amorphize,
depending on the applied temperature profile, and therefore
showing contrasting properties, made certain chalcogenides
like Ge.SbyTe, family the pinnacle of the CD/ DVD/ Blue-ray
era #1012 For optical data storage, the information is stored
using a modulation of the reflectivity index by inducing a
controlled local heating of the material. With the rise of the
flash era '**15, the microelectronics industry switched to solid-
state storage media. To bridge the performance gap between
Dynamic Random Access Memories (DRAM) and the flash-
based Solid State Drives (SSD), a new Storage-Class-Memory
(SCM) has been proposed '¢'7. SCM fits in well the phase-
change materials: their cycling capability is few orders of
magnitude higher than that of the flash memories and their state
retention is respectably longer than that of the DRAM. For
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solid-state applications, the contrasting property is the
difference in conductivity that two states of the material
display. Instead of a change in bulk reflectivity, the
chalcogenides adopt a resistance switching mechanism as
reported in resistive type memories >7'#1°. The temperature
profile is induced by the Joule-heating effect of the current
passing through the device and the special cell design for
appropriate thermal heating/ dissipation. Dealing with large
memory device arrays becomes prone to reading errors, when
half-selected word/bit-lines contact memory cells in low-
resistance state: the “sneak-path” current can exceed the current
on the selected high-resistance-state cell (Fig. 1a). This requires
the use of an access device, such as a selector 2.
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Fig. 1 a) Schematic role of the SELECTOR device in series with
resistive memory element (1S1R) — cut the parasitic leakage on
half-biased low-resistance-state memory cells, while allowing the
correct reading of a high-resistance-state memory cell. b) 1-V
characteristics of the OTS materials, showing the definitions of the
threshold/hold voltages and currents.

Ongoing efforts to develop two-terminal selector devices are
directed towards suppressing the sneak-path leakage currents.
Ovonic Threshold Switching (OTS) chalcogenide materials
seem very promising in that respect, since these materials
display volatile resistive switching characteristics: at half of
threshold voltage, the leakage current through the material is
orders of magnitude lower (Fig. 1b) 224, The volatile resistive
switching has been coined by the name of the researcher who
discovered the effect: Ovonic (Ovshinsky) Threshold
Switching?3. Aside from selector device, the OTS materials can
also be used as stand-alone self-rectified memory device %°.

Many available OTS materials are S- 26, Se-?! or Te-based
2427 many contain As to slow down the crystallization "8, The
recent health and environmental trends impose a reduction of
the usage of hazardous / toxic materials 2%, hence there is a
need to find new OTS materials that use less polluting or
hazardous elements. Screening for new materials among
thousands or millions of possible compositions seems
impossible. Theoretical simulations screening, however, is a
much more viable alternative. For this approach to work,
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researchers need to know which theoretical parameters are
important to screen for, when searching for a material with
well-defined experimental parameters. Therefore,
understanding the OTS mechanism and the correlations
between material properties and device parameters is of utmost
importance.

The working principle of the OTS mechanism is still debated:
some researchers model it with purely electronic effects 233!
34 while others also consider local atomic relaxation to be of
importance 7334, Recent first-principles efforts suggest that
both electronic excitations and/or polaron relaxation can change
the electronic conductivity on the local atomic scale, therefore
highlighting the importance of both electronic and ionic
relaxation in the disordered atomic systems 73%%°. Even if the
many existing theories complement each-other, the OTS
mechanism understanding is still far from being complete. In
our effort to contribute with additional insights, we performed
data analysis to correlate the experimental measurements with
theoretical predictions. For this, we investigated the same series
of OTS materials both from ab-initio and experimental point of
view. These correlations allow us to map the expected
experimental device parameters directly from the theoretically-
computed electronic properties of a material. It enables the
screening for and the selection of a hypothetical material for
building a technologically-relevant device with predefined
electrical specifications using only first-principles simulations
41

Following the order of the operation of an OTS device (Fig.
1b), we start with the description of the first-fire and threshold
voltages that put the OTS in the Ohmic regime (ON), then
continue towards ramping-down the voltage to describe the
hold current/ voltage correlations, after which the device
switches OFF. Finally, we investigate material parameters and
structural morphologies to correlate them with electrical
measurements and conclude.

Il. METHODOLOGY

A. DFT computations

Ab-initio Density Functional Theory (DFT) simulations were
performed in CP2K* by describing the core electrons with
GTH pseudopotentials,** and the valence electrons by a mix of
double-zeta-valence-polarization (DZVP) localized Gaussian
basis sets and planewaves with a cutoff of 500 Ry and a relative
cutoff of 40 Ry for the real space integration grid. The
planewaves were integrated on four sub-grids to calculate the
charge density. A Generalized Gradient Approximation
(PBE)* or a hybrid (HSE06)* functional was employed to
describe the exchange and correlation of the electrons. The
Brillouin zone was sampled with I'-point only for all models.

Amorphous model generation protocol consists in a
decorate-and-relax procedure,***’ by randomly placing the
anionic species at equidistant locations in a periodic box that
would correspond to a 10-15% decrease of the material density.
Subsequently, the cationic species are distributed around the
anions, respecting the corresponding coordination numbers and
bond distances. A fast volume relaxation is followed by a more
rigorous full atomic relaxation, where the atomic forces were
relaxed below 1E-4 Ha/bohr, whereas the cell parameters were
relaxed until the pressure dropped below 100 bar. The resulting

amorphous models generated with such a procedure were found
to be similar to the ones generated with a melt-and-quench
method in ab-initio molecular dynamics.*’

For the ab-initio mobility gap estimation, a hybrid exchange-
correlation functional (HSE06) was used in combination with
the Auxiliary Density Matrix Method (ADMM) to accurately
quantify the electronic structure.*® We used the inverse
participation ratio (IPR) to identify the mobility edges of the
atomic models.*’ As valence edge, we take the highest occupied
state with an IPR value equal to the median of the distribution
in the valence band. Whereas for the conduction edge - the
lowest empty state with the same criterion for the IPR value.
The mobility gap is taken as the energy difference between the
valence and conduction edges. The electron/hole trap states are
extracted from the DOS data and represent the deepest levels
with respect to conduction band (for electrons) or valence band
(for holes), respectively. To ensure a representative estimation
of the electronic / atomic properties, we performed statistics
over 10 different amorphous models that contain 300 atoms and
lateral size around 2nm, which is larger than the minimum of
1.5nm of the amorphous model that is required to see
localization in the electronic states of the amorphous
chalcogenides.?>*

B. Experimental details

To measure the experimental parameters, a set of devices
with different OTS material compositions was fabricated. The
device consisted of an OTS film sandwiched between the top
and bottom TiN electrodes. The bottom electrode was etched
into a pillar with critical dimension (CD) defined down to
55nm. A 20 nm thick OTS film together with TE metal was
deposited on top of BE, resulting in a mushroom-type cell
structure. Various OTS compositions were tested, including
ternary and quaternary (Si)-Ge-As-Te and (Si)-Ge-As-Se
material systems, deposited by means of physical vapor
deposition (PVD) technique *°. The atomic compositions were
investigated by means of PIXE (Particle-Induced X-ray
Emission), XRF (X-Ray Fluorescence) and RBS (Rutherford
Backscattering Spectroscopy).

The devices were electrically characterized using a series of
triangular ac pulses with a rise time of tis=10 ps and an
amplitude of 9V or 7V for the first-fire and consequent 10
switching cycles, respectively. From these measurements first-
fire (Vrr) and threshold voltage (V) values were extracted for
a set of 10 dies to extract the mean and standard deviations.
Additionally, sub-threshold leakage was extracted from a dc
measurement. Structures with nominal CD=65 nm were used
for the ac characterization. An integrated series resistor was
used to limit the current in the ON-state (Ry~10k€2, unless
specified otherwise). Holding voltage (Vy) is the Rs-corrected
voltage across OTS layer. Additionally, the number of
quenched defects in the OTS conduction cluster (Ng) was
estimated from the statistical properties of Vy, distribution.>!

[ll. RESULTS AND DISCUSSION

In a first stage, we developed * various OTS selector devices
and characterized their performance parameters, like first-fire
(Vir), threshold (V) and hold voltages (Vi) and currents (In).
We collected electrical data for a set of nine GeAsSe,
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SiGeAsTe, and SiGeAsSe OTS materials with various
compositions, as listed in Table 1.

Table 1. Experimental sample compositions, mean number of

valence electrons per atom (#e) and mean coordination numbers
(MCN) for the investigated materials.

id Material Si% Ge% As% Te(Se)% #He MCN
|

SiGeAsTe-A 16 16 28 40 5.08 292
2 SiGeAsTe-B 7 20 30 43 5.16 2.84
3 SiGeAsTe-C 15 8 46 31 5.08 2.92
4 SiGeAsTe-D 8 21 42 29 5.00 3.00
5 GeAsSe-A 0 18 34 48 5.30 2.70
6 GeAsSe-B 0 26 32 42 5.16 2.84
7 GeAsSe-C 0 37 28 35 4.98 3.02
8 SiGeAsSe-A 10 9 34 47 5.28 2.72
9 SiGeAsSe-B 9 16 31 44 5.19 2.81

Next, we generated 10 different atomistic models for each
composition to do statistical averaging of the computed
properties. For each model, we predicted the electronic
properties from first-principles: Born effective charges (Z*) %,
electron/hole trap depths (E/En) in the gap and the mobility

gaps (E,) (Fig. 2).
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Fig. 2. Density of States (DOS) and Inverse Participation Ratio
(IPR —horizontal bars) computed for relaxed atomistic models are
used to identify the mobility gap (E,), electron/hole trap depth and
the trap gap (AE).
Also, the atomic structure coordination environments around
each atom were extracted.™>* For all above-mentioned
properties, the median values were correlated with the electrical
measurement data (which are also median values over 11
devices across the wafer), as presented below.

x1E22

A. OTS materials characteristics

Valence electrons (#e): The mean valence electrons of the
OTS materials should be in the range of 5 valence electrons per
atom for the OTS mechanism to be active *>°°, This can be
rationalized with a simple bond formation between 2 elements:
if we have an anion A (for ex: Se,Te) with s?p* and a cation B
(for ex: Ge) with s?p? electronic configuration in the top valence
states, the total number of electrons in the AB (GeSe or GeTe)
compound is enough to pair-up and form 3 bonds (p®), leaving
s’ pairs of electrons non-bonding (if we disregard the
hybridization, which is reasonable, considering that low
hybridization elements are desired for OTS 37) and other 3
empty anti-bonding p™ orbitals. This configuration for the two
elements would average 5 valence electrons/atom and for a
perfect crystal would result in completely filled valence and

empty conduction states with a semiconducting/insulating
electronic bandgap. With the disorder of the amorphous state of
the material, however, the local variations of the stoichiometry/
number of electrons/ orbitals results in Anderson-localized
states, instead of bands (crystalline counterparts) 3%3°. The most
shallow in energy valence states that have the delocalization
length larger than the device size will play the role of the
valence mobility edge. Higher in energy states localized inside
the device will become tail-states if close in energy to the
mobility edge, or gap-states if energetically deeper into the
electronic gap. The same applies symmetrically for the
conduction side (Fig. 2). It is these tail- and gap-states that OTS
mechanism relies upon. The average valence electrons number
varies between 5 and 5.3 for the 9 OTS material compositions
we investigated in this study (Table 1). A weak but positive
correlation of the mean valence electrons with the threshold
(Vu) / holding (Vi) voltages of the 9 compositions was
identified (Supplementary Fig S1), hinting to the fact that
additional (to the average 5) electrons would fill-in the empty
bonding orbitals in the wvalence tail-states, energetically
stabilizing /deactivating them.
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Fig. 3 (a) Experimental threshold (V) and first-fire voltage (V)
correlation to the DFT predicted mobility gap. (b) Positive
correlation of the experimental Vir and V. Error bars show the
standard deviation from 10 samples. (c) Negative correlation
between materials formation energies and threshold voltages. Data
points labeled with material id from Table 1.

Mean coordination numbers (MCN): maintaining a
topologically-constrained rigid glass network in the amorphous
matrix is important for its thermal stability and therefore not
undergoing a phase-change (crystallization) process during the
threshold switching. A simple, but efficient parameter to define
the matrix rigidity is the MCN of a material, which is simply
derived from the chemical composition by averaging the formal
coordination numbers of the atoms, weighted by their
concentration in the material. A 2.4 < MCN < 3.0 is required
for OTS chalcogenide glasses to be considered rigid in normal
conditions %°. Our materials are, indeed, rigid-glass-formers by
the MCN criterium, which is in the range of 2.7-3.0, as listed in
the Table 1. Since both MCN and #e are derived from the

composition stoichiometry, the two parameters have a
reciprocal relationship (see Supplementary Fig S1 and S2).

B. Threshold / first-fire voltages

Instead of discussing the dependence on the threshold/first-
fire/holding electric field, which is the fundamental parameter,
for the sake of convenience we will discuss in this work directly
about the respective voltages. Translating between the two
could be performed in a first-order approximation by division
of the voltage to the films thickness (20nm). The computed
mobility gaps E, of the investigated OTS chalchogenides show
positive correlations with both first-fire Vi and threshold
voltage Vi, , as shown in the Fig. 3a. For certain materials, the
mobility gap error bars are rather large, which can be
interpreted as limited atomic model size, but also wide local
variation in the material are expected. For that matter, finding
trends in a single class of materials is challenging, nevertheless,
the median values for all material classes together seem to show
a rather clear qualitative trend. In the same time, there is a
positive correlation between experimental Vi and Vi, (Fig. 3b).

To understand these correlations, we start by building a
qualitative model for OTS switching, in which we try to unify
together concepts from other models: the first-fire can be
interpreted as energetic generation of higher-energy (in a local
minimum on the potential energy surface of the amorphous
matrix) working set of OTS traps (in the valence or conduction
tail-states). That is illustrated by the negative correlation of the
material formation energy with the Vg, as illustrated in Fig. 3¢
(and therefore E,, as we already established a positive
correlation between the two): the higher the material
(formation) energy, the more traps in the gap are at higher
energy levels, hence they would require lower electric field
(Va/OTS thickness) to switch ON.

Being in a higher-energy state, those traps eventually will
relax back to a lower-energy local atomic coordination
environment (a process called ageing) or get annealed during
billions of endurance cycles of the device. This will lead to Vi
drift towards initial V¢, which usually is referred to as threshold
voltage instability or relaxation 236!, A simple interpretation
of the working set of traps in OTS is depicted in Fig. 4: if we
expect the OTS material to switch ON at a certain electric field,
the switching process involves trap states delocalization/
percolation of the material or trap energy alignment with a full-
device-width-delocalized state, i.e, conduction/ valence state
(the equivalent of the band in the crystalline phase). The
energetic alignment of the traps due to the applied electric field
through Stark effect ® will increase exponentially the tunnelling
probability of the charge carrier between the localized states.
The other possibility is to increase atomic orbital overlap and
hence delocalize the state on a larger volume in space,
ultimately short-circuiting the device, therefore contributing to
an increased conductivity 2.
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Fig. 4. Threshold field (Em) dependence on mobility/trap gap: larger
mobility/trap gaps require higher fields to align trap energies for

optimal tunnelling/delocalization.

If we consider the traps to be conduction/ valence tail states that
energetically are close to the conduction/ valence edges, then
with an increase in the mobility gap E,, there will be an increase
in trap gap AE,, hence there will be necessary a higher field to
align the traps to switch ON the material. One may argue that
the first-fire corresponds to an initial situation, when the
initially-available traps are shallower and give larger
trap/mobility gaps, therefore require larger ON-switching
fields. However, the DFT-extracted traps are not only in the
tails, could be anywhere in the mobility gap and not necessarily
OTS-active. This results in a much weaker trap gap correlation
with threshold voltage (Fig. 5). Different material classes will
show different capability to change the trap levels/gaps with the
first-fire high-energy conditioning pulse and it shows as
different slopes in the Eu-Vi and E-Vir trends (Fig. 3a).
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Fig. 5. Threshold voltage (Vi) correlation with the trap gap (AEy)

is positive but weak. Data points labeled with material id from

Table 1.
One expects threshold switching ON to involve more of
electronic state overlap/ delocalization with less atomic
relaxation than in the case of the first-fire event. While in the
ON state, the traps that keep the channel open are maintained in
a higher-energy state and fully-occupied-with-charge-carriers
(if time-averaged). Joule heating effects contribute to this high-
energy state as well. On the ramp-down of the electric field
while in the Ohmic regime of the OTS-ON state, at certain
minimal current (hold current and voltage) the OTS will switch
OFF (Fig. 1b). In the following section we investigate the
correlations of the hold parameters with electronic properties.

C. Hold voltage / current

At the minimum current level (In), the thermal energy is
probably dissipated faster than the current can sustain with
Joule heating, therefore the traps relax back to the localized
configuration. The traps become empty of carriers, the current
flow stops, switching OFF the OTS device. In the Fig. 6a,b we
correlated the the Vj and I, with the mobility gap E,. The direct
dependency indicates that the farther apart in energy the defects
(tail states near conduction/valence edges) are, the higher power
(Vi and Ip,) is needed to keep them communicating with each-
other,i.e., at the same energy to have efficient tunnelling and
orbital overlap/delocalization, hence good electrical conduction
channel. The observed positive correlation indicates that
holding parameters are working in the same manner as the Vg/
Virare: the higher the mobility gap (more insulating), the higher
the electrical parameter Vu/ Vi is. While not important for
voltage-controlled devices, another important factor that might
help keeping the ON-state active is light irradiation, which
could be an interesting research topic for light-controlled chips
or interconnects.

D. Dielectric response

In analogy with the phase-change materials, where there is a
high optical contrast between high and low resistance states of
the material, the same change of dielectric response is expected
to occur in the ON state of the OTS. However, there is a
difference: since in OTS the ON state is spanning only across
few localized traps bridging the conduction and valence edges,
or forming a percolation path, only a small part of the total
material volume is involved in the conduction process and will
change the dielectric response properties. In the phase-change
devices, this type of local percolation is usually referred to as
filamentation ®, which makes it challenging to measure the
dielectric response change by optical means.

Theoretically, however, we can assess the change in the
dielectric response of the material. More precisely, we will
calculate the Born effective charges (Z"), i.e., the atom’s ability
to change the polarizability with atomic displacement. Seminal
work by Raty et al. on the link of the Born effective charges and
threshold switching was published in the connection with the
metavalent bonding concept 7*’. On the basis of the DFT-
computed Z* charges, we defined an ‘OTS-gauge’ parameter,
that shows the capacity of the material to increase the number
of atoms with an increased Z" upon charge injection in the
system. A closely-related metric has been shown to be a good
characteristic of the threshold-switching materials *°. In our set
of materials, we found a strong positive correlation of the OTS-
gauge with Vi and Vi (Fig. 6¢).

First-fire (Vir), threshold (Vi), hold voltages (Vy), and hold
current (In) are showing positive correlations with the mobility
gap (Ey) and OTS gauge (Z"), hence all these parameters were
categorized as insulating group since they have a direct
relationship to the insulating properties of the materials. Those
are high mobility gap and low leakage current, and are
negatively correlating with each other, as shown in Fig. 6d.



Clima et al.

(a)

y=0.9750*x +-0.0539, R~2=0.79

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Vi (V)
18
1
o] () -
5
1.4 iy 3
— - 4
% 1.2 — ) d
— & 3
W3 10
&
0.8 —
0.6
'''' y=9112.1232*x +0.6118, R~2=0.74
025 050 075 100 125 150 175  2.00
Ih (A) le—4
P P
60 -
(c)
8 8
. ..
50 1
]
© 40 4 Q. e
LIE -
O 30 J J *Vin
* Vg
20 - /‘3 1‘3--1--- y=9.0046%x-17.1818, R~2=0.96
‘g ----- y=13.9600%x-10.7452, R~2=0.68
2 3 4 5 6 7 8
Voltage (V)
le—-8
3.0 ¢ y=-2.90e-08*x+4.32e-08, R~2=0.59
—~ 25](d)
< .
g 209 .
-
© ..,__\.\M
X 154 o,
> 4
= 104 * \
@
= 3
0.5 -,
T 0o J P
-0.5 1

T
0.8 0.9 1.0 1.1 1.2 13 1.4 15 16

E, (eV)

Fig. 6. a) Holding voltage (Vn) and b) current (In) show positive
correlation with the mobility gap (Em). ¢) Positive correlation of
OTS gauge with Vi and Vi d) Pristine device leakage current
negatively correlates to the materials’ mobility gap. Data points
labeled with material id from Table 1.

E. Atomic coordination environment

In the phase-change materials (PCM) the transition from
insulating phase to conductive phase is interpreted as a
transition (phase-change) in the bulk of the material, from a sp*-
hybridized, Lewis-octet-rule-following insulating amorphous
state, to a resonant/hyper-bonding conducting crystalline phase,
as depicted in Fig. 7a. In the OTS materials, a similar atomic
environment change is expected but on a very local atomic
scale, as imagined in Fig. 7b. To better understand the effect of
the local environment, we analyzed the local coordination
around each atom and averaged over all 10 different atomic
models for each composition. From Fig. 7c is clear that indeed,
the tetrahedral bond angles of the amorphous OTS are
correlating positively with all insulating parameters group and
negatively correlating to the conductive group. For this reason,
we can categorize the local tetrahedral environment as
insulating that has a normal coordination with 2-4 nearest-
neighbors. The over-coordinated atomic environments that
have 5-7 nearest-neighbors, on the other hand, are correlating
with the conductive group of parameters, that will be discussed
in the next section. From these observations, we can conclude
that the atomic environment change is most probably also
happening during the threshold switching: upon charge
excitation (or injection), local atomic environment changes in
terms of bond alignment/orbital overlap and results in larger
spatial delocalization of the state(s) in the gap because of the
energetic alignment of 2 or more local states under threshold
field. This in turn, results in energy (mobility gap) percolation
from mid-gap (or valence) to conduction (tail-) states, or film
percolation (physical space) from top to bottom electrode.
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F. Leakage and defects

By now, we established a group of parameters that can be
categorized as insulating (Section 1ID). Experiment-extracted
numbers for trap concentration (Ng) and the leakage current
(Tieak), on the other hand, can be categorized as conductive
parameters. This means they correlate positively among
themselves but show a negative correlation with insulating set
of parameters (see Fig. 8 and Fig. 6d).

The local coordination analysis shows that normal
(tetrahedral) coordination is inversely proportional (negative
correlation) to the conduction (leakage currents before first-fire
licak_sr and during switching Iicak sw Fig. 7¢). Over-coordination,
however, shows a positive correlation to the conductive group
of parameters (leakage Iicax and trap concentration Ng shown in
Fig. 8). That can be rationalized in terms of local coordination
environment, since the aligned bonds are predominant in over-
coordinated sites (with 5-7 nearest-neighbors) and the
alignment of the bonds was linked to the threshold switching of
the material 0.

(@)
exp: first-fire voltage (V)
exp: threshold voltage (V)
exp: Hold current (l,)
exp: Hold voltage (V)
abinitio: gap (E))
abmltlo z*

itio: AE, (E,- E,)
Insulating environ
abinitio: Conducting environ
exp: leakage current(l,..,)
exp: trap concentration (N,)
abinitio: E, trap energy
abinitio: E, trap energy =
exp: ¢ -

(b)

m correlation [N[SeH\%

ab initio:
Fig. 8 a) Experimental and ab-initio parameter correlation
matrix, colored by the Pearson correlation factors b) Correlation
links between experimental parameters and ab-initio properties.

Positive correlations are full lines, negative correlations - dashed
lines.

IV. CONCLUSION

The goal of the study is to obtain quantitative insight into the
dependence of the experimental device performance parameters
(like first-fire, threshold, hold voltages or hold/ leakage
currents) upon theoretically simulated material properties (like
mobility gap, trap position in the gap or local atomic
coordination environment). For that, we investigated a set of 9
materials with different stoichiometries/compositions from
both experimental and theoretical perspectives, that contain a
set of 5 elements: Si, Ge, As, Se and Te. In the approximation
that parameter interdependence is relatively independent of the
constituent elements and relies more on the general electronic
properties of the amorphous materials, we are tempted to
conclude that the found dependencies could be extrapolated
outside the available set of elements, as long the electronic
structure will have parameters close to the ones in the available
set of materials.

The findings allow us to group the experimental and
theoretical parameters into two distinct groups, named
insulating and conductive groups of parameters, based on
positive correlations within the group and negative correlation
between the groups (see Fig. 8). More specifically, in the first
insulating group, the experimental Vi, Vi, Vi and I correlate
positively with theoretical E,, AE,, average number of valence
electrons, OTS gauge (Z") and local atomic tetrahedral
environment. For the second conductive group, the Nq and Ijcak,
were found to show negative correlation to the same theoretical
parameters. This experiment-vs-theory calibration exercise
allows us to predict first-fire, threshold and hold voltages (not
to forget the film thickness correction, since the dependencies
are on the electric field and not voltage) and currents of an
arbitrary amorphous material composition. Also, it is possible
to theoretically predict if the material will show promising OTS
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behavior from first-principles simulations alone by means of
OTS-gauge.  Further  high-throughput screening  for
environmentally-friendly OTS materials that accounts for these

relations in selecting the threshold voltage bracket are ongoing
41
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Correlation of valence electrons and mean coordination
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