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3D-Oxides
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Company Information

Company activity start: 2010

Staff 2013: 6 persons
Turnover 2012: 0.65 M€ services + 0.2 M€ subsidies
|_ocations:

St. Genis-Pouilly (F) (Headquarters + R&D lab thin films)

Tours (F) (R&D lab spectroscopy)
Le Bélieu (F) (R&D lab equipment testing)
Magurele (Ro) (Daughter company)
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Goals and Purposes

Develop complex multifunctional thin films

1. Multi-element oxide thin films
2. 3D-patterned thin films
3. New properties and architectures

3D-Oxides targets and develops disruptive solutions
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R&D Network
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Thin films: a short introduction
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Thin films objectives

Improve sustainability, robustness, transportability

1. Miniaturization and integration of new functionalities
2. Optimize raw material use
3. Replace and/or minimize scarce and/or toxic elements
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Markets & Applications

COST EFFECTIVE MASS PRODUCTION
Less Resources, Robust devices, Transportability

Micro-
electronics

Memories Photovoltaic Integrated optics

H, generation Photonics

Catalysis Sensors

Security

Giacomo.Benvenuti@3D-Oxides.com www.3D-Oxides.com



Oxide thin films

OPPORTUNITIES

v Eco-sustainable
v' A wider number of possible functionalities

v Robust materials +
v Multi-functional materials for monolithic integration

High added-value products

BOTTLENECKS

v Endless number of possible elemental compositions

v High process temperatures

v Properties strongly process-dependent —
v Materials difficult to pattern after deposition

Complex materials and industrial up-scaling
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3D-Oxides: Technology and Assets
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3D-Oxides disruptive solution

Process
conditions

Nano-size-
shapes

New Materlal New Architectures |+

blw Funct.onal.t'é

Single-step
patterning

Chemical Self- Laser-
composition assembly assisted
v !

Interfaces .isru ptlve Devic' Stencil ParFiCIG-
masks assisted

FAST TECHNOLOGICAL APPROACH SIMULTANEOUSLY

ADDRESSING SEVERAL MATERIALS-PROPERTIES-MARKETS
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Multi-element thin films

AVAILABLE ELEMENTS
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Process optimization (morphology)
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Combinatorial and phase diagrams
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Elemental composition ratios on a 150 mm wafer substrate @ different positions for
a ternary oxide thin film of the form A,B, GO,
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Process optimization (chemistry)

Process diagram (substrate temperature vs precursors flow ratios)
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Single step patterning by laser
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Stencil mask thin film patterning

Real colors
Optical microcopy images
showing interference colors
due to TiO, different

thickness

o

AFM Measurements Complex materials with graded ~ SEM measurements
showing dots with 500 nm  composition and thickness can showing very high border
resolution be achieved by superposition of ~ esolution (<100 nm)

2 or more elemental patterns
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3D submicron structures

Best resolution achieved
around 200 nm
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Chemical patterning: separated elements

SEM 50 um Oxygen

image mapping SEM top-view

500 nm

Electron Image 1

TiKa1

Titanium "t Niobium
mapping mapping
Variable chemical composition from Optical microscope picture of the layer
95-5% to 5-95% Ti/NDb ratio by EDX thickness 80 nm for TiO,, 40 nm for Nb,O;
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Chemical patterning: superposed elements

Ti mapping

Nb mapping
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Disruptive nano-combinatorial

Nanostructure
shape variation
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UV-Vis-IR Spectroscopy
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Main Application

= kel

Patterning-
Architecture
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Photovoltaic
panels

COMPLEX PHASE DIAGRAM
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Secondary Applications
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¥ Memories
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Conclusions
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R&D and Production assets

Flexibility, reliability and cost efficient

Growth rates:

Layer Quality:
Substrate size:
Number of elements:

R&D results uptake:
Process modification:

Precursors use:
Equipment life-time:
Costs of ownership:

Combinatorial production:

Giacomo.Benvenuti@3D-Oxides.com

5nm htupto 20 um h

Epitaxy to highly porous thin films
Scalable to any size

Actually 3-5, but scalable to 6 or even more

Very fast as the same equipment is used
Very fast: process is not geometry dependent

Even a high as 65%
Extensive (different materials/applications)
Possibly down to a few 10’s € / m?

Possibility to produce # pieces in the same run
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Enabling disruptive thin films...

SYBILLA EQUIPMENT
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Multi-element oxide thin films
even on large substrates

Complex material stacks with modified
properties via beam assistance

Single step 3D-patterned thin films
with complex shapes and gradients

Unique combinatorial facility for fast and
massive development of new materials
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Questions and answers

Thank you for your attention!

SIMILAR SHAPES, SIMILAR APPLICATIONS, SIMILAR BUSINESS,
BUT A TOTALLY DIFFERENT WAY TO BUILD...

We await you at our stand for further discussion
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