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Fig. 1. (a) Schematic diagram of the conductive filament that grows from the anode to the cathode; (b) schematic diagram of the

potential barrier after applying electric field.
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Set time: (a) Ag/GeSy/W; (b) Ag/TiOy/Pt; (c) Cu/SiOy/
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ing chart of the jump rate.
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Fig. 6. (a) Schematic diagram of the jump paths for Ag* in
the 7-Agl. The red line is the motion pathway of the cation
and the black sphere is the I'. (b) The potential barrier en-

countered in the process of the ionic jump.
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Table 3.  Parameters of ionic kinenics in the dielectric.
EE{I\E %% (I,S/I'IIII V/S ! UU/eV :ui()n/(cmz'vil'sil) Diun/(cmzsil) a'd/((}cm)’l
7-Agl Agt 0.65 6.3193x 10! 0.1584 3.3119x10° 8.6110x10°7 1075 (13]

i + = 12 = 20 = 22 2x10 ¥ 1,
TiO, Ag 0.2956 3.5913x10 1.0591 3.6652x10 9.9257x10 ~10 % 29
GeS, Ag*t 1.1436 5.5495x 101! 0.4346 2.3597x107° 6.1352x10°1! 1.25x1074 24
Si0, Cu” 0.357 2.9321x10"? 0.6347 6.5350x 10713 1.6995x 1071 1.76x 10715 23]
Si0, Cu?t 0.357 2.9643x 102 0.6487 7.7319x10°13 1.0052x 1014 1.76x10715 29)

E: o BB BT, TiO M TR m ik, eIk B Al i S, R AT Al i .
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Fig. 8. Changes for the parameters of the Ag™ and CuT™:
(a) The potential barrier width versus activation frequency;

(b) the potential barrier height versus ionic mobility.
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Fig. 9. Relation between the filament growth length versus
time in the Ag/7-Agl/Pt device: (a) Characteristics of the
growth length of the conductive filament versus time; (b) sc-
hematic diagram of the growth length of the conductive fil-
ament versus intensity of the electric field in the Ag/v-
Agl/Pt; (c) schematic diagram of the growth length of the
conductive filament versus time in the Ag/7-Agl/Pt,
Ag/GeSy/W, and Ag/TiO,/Pt devices.
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Abstract

In this work, a system of modified Mott-Gurney differential equations is based on Arrhenius’ law and the
overpotential theory of ionic motion in bipolar electrochemical metallization (ECM) resistive devices. The
average displacement of ions is solved by the modified Mott-Gurney equation. Then, the relation between the
average displacement and the growth length of the conductive filament is obtained by a geometric model based
on cells. The equation of applied voltage versus Forming/Set time and the equation of length of conductive
filament growth versus time are deduced by using this relation.

In this work, an algorithm for extracting kinetic parameters of ions in a bipolar ECM device is also
proposed. By using this algorithm, the characteristics of the applied voltage versus Forming/Set time for Ag/7-
Agl/Pt, Ag/TiO,/Pt, Ag/GeS,/W, and Cu/SiO,/Au devices are calculated and the calculation results are
consistent with experimental data. It is found that in the Forming/Set process, the jump step of silver ion is the
lattice constant along the c¢ direction of a unit cell of the crystal for TiO, and the lattice constant of the cubic,
a, for 7-Agl. These results are explained in the following. In a unit cell of the two crystals there are some
tetrahedral and octahedral interstitial sites. The cationic motion path consists of alternating octahedral and
tetrahedral sites or some octahedral sites. The cation jumps from tetrahedron to octahedron to tetrahedron, etc.
in the 7-Agl with coplanar polyhedron and from octahedron to octahedron in the TiO, with edge shared
octahedron. In GeS, crystal, it is found that the jump step of silver ions is the lattice constant in the ¢ direction
of a unit cell. Owing to the periodicity of the lattice, the pathways of the ion motion in the three materials can
be expressed by a periodic potential barrier each. For the jump situation of the copper ion in amorphous SiO,,
the jump step of copper ions is calculated to be 1.57 times the length of the O—O bond, and the jump pathway
can also be explained by a periodic potential barrier.

By introducing the cosine potential barrier, the ionic activation frequency, potential barrier height, ionic
mobility and diffusion coefficient, and characteristics of the conductive filament growth versus time in several
devices are calculated. The criteria of selecting dielectric materials for bipolar ECM devices are discussed by
using these data. It is found that the standards for selecting dielectric materials of bipolar ECM devices are the
ion activation energy <0.5 eV, preferably between 0.1-0.2eV, and the DC conductivity as close to 10 * Q l.cm !
as possible.

Keywords: bipolar resistive memory, Forming/Set time, conductive filament, jump step and potential barrier

PACS: 85.30.De, 85.35.—p, 85.40.—¢ DOI: 10.7498/aps.72.20231232
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