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Abstract

As part of the preparation of my diploma thesis and at the same time my
internship, devices with varying conductivity were developed in order to function as
non-volatile memory elements. Each device comprises a structure of Metal-Insulator-
Metal (MIM) and consists of thin films of gold (Au) and titanium dioxide with low oxygen
content (TiO2x) in contrast with the stoichiometric film (TiO). The very special ability
of these types of oxides is that, under proper conditions, their conductivity can be
altered as much as 10° times. Although it is not clear why this phenomenon takes
place, it is argued that oxygen vacancies within the lattice of oxide are displaced under
the application of proper voltage bias and thus conducting channels of metallic nature

are formed.

The density and distribution of oxygen vacancies within the oxide is strongly
related with the fabrication details and there is a specific value of their concentration
and distribution that optimizes the switching effect. With the assistance of electrical
characterization techniques the quality of different fabrication procedures is
investigated. The impact of oxygen vacancies on the performance of the memory cell
as well as the implication of a thin Ti layer above the oxide film, which served the role

of top electrode in our devices, were systematically examined in this study.

In addition, DC characteristics of current-voltage bias were recorded during one
or consecutive cycles function. The dynamical response under pulse function was
monitored in combination with the retention capability. Measurements divulged
satisfying memory window (OFF/ON ratio), in both quasi-static and pulse function
mode, where multiple switching states were demonstrated. The outcome renders our

oxide films attractive for new generation memory circuits.

Detailed surface analysis of our oxides through Conductive-Atomic Force
Microscopy (C-AFM) disclosed the high quality of them, revealing their low roughness.
Furthermore, the surface mapping of the measured current gives a great amount of
information of the memory element in nanoscale area, which is of great importance for

any potential candidate technology in the industrial memory area.
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ITolvpopQIGHOG Avatdong Povtihio Mnpovkitng
Kpvotaiiiko Tetpaymviko Tetpaymvikd OpBopoupuko
GUGTN O (tet) (tet) (orth)

(Crystal System)

Kpvotaiiu doun

Moptako Bdapog 79,890 79,890 79,890
Ap1Buog ovvtadng 4 2 8
(Coordination
number)
Oudde. onpeiov 4/mmm 4/mmm mmm
(Point Group)
Oudda ybpov P4./mnm [4y/amd Pbca
(Space Group)
Ovkog (Vol) (gr/lt) 136,25 62,07 257,38
Moptakdg dykog 20,156 18,693 19,377
(Molar Vol)(mol/ It)
ITokvotnta (gr/cm’) 3,895 4,2743 4,123
Tianpomta Mohs 55-6 66,5 55-6
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Height units: nm

Murber of intervals:
100

Foughness results:

RIS roughness:

Minimum walue:

haximum walue: 3568
Peak to peak: 3568

Roughness average: 0.6491

Number of Events

Average height: 1.7905
Surface skewness: -0.0466
Surface kurtosis: 2.7295
Flane offzet: 1.36734e

Ironed surface (pm®): 9.0587

Lirnits:
hdin: |0 bz | 3.568 : Height(nrr)
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conductive AFM tip ?
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TiOx 45nm

SiO2 300nm

Si wafer

Aluminum Plate

bias voltage O
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SCM-PIT Veeco n-type Si Pt/Ir 3 N/m 35 nm

DCP 20 ND-MDT n-type Si DLC 50 N/m 100 nm

CSG 10 ND-MDT n-type Si Au 0.1 N/m max 10 nm
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