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Introduction

Oxide thin films:

..YBaCuO
Wu M K., Ashburn JR., Torng C.J, Phys. Rev. Lett.(1987) 58 908

WSrTiox,...
Perez-Casero R., Perriere J., Gutierrez-Llorente A, et al. Phys. Rev. B (2007) 75 165317

What is the nature of oxygen defficient oxide films whose sub-
oxides are not thermodynamically stable ??

..60,053...

L. Nagarajan, R.A. De Souza, D. Samuelis et al. Nature Materials 7, 391 (2008)

LITO...
M. Nistor, J. Perriere, C. Hebert, W. Seiler, J.Phys.Cond. Matt. 22, 045006 (2010).

..Nanocomposite films are formed through a phase separation of

metastable sub-oxides...
.. potential applications ???
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Control of oxygen incorporation
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What is the exact nature of such oxygen deficient oxide films ?




Structure of the oxygen deficient oxide films
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Multiphase materials are formed in oxygen deficient ITO films...
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The ITO stoichiometric phase is textured: (222) et (400) with a reasonable mosaic
spread.

— the epitaxy on c-cut sapphire substrate is possible.....
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Microstructure of the oxygen deficient oxide films
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What are the properties of such multiphase materials ??

A.Petitmangin, PhD Thesis, University Paris 6, Paris, September 2010




Resistivity measurements

. 98
— I ] 9.2 _ cooling ]
z metallic behaviour |; g oof f / neating ]
- . 8,8} i
Zs ’\ 1 861 / T in= 43OK_.
A [ | 8,4}
é | Trmin-sn™ =395K 1
° 50\ 100 150 200 250 300 S . f ]
\Temperature (K) 300 320 340 360 380 400 420
T(K)
sup:rgznc)iu_cl:_‘:n(g:;[n‘r)r'c;:s!"f::or(\sc:‘; metallic In-Sn clusters:
~ Tc (In-Sn) plig. > psol. -~ R(T) ~
In-Sn clusters in stoichiometric - solid fo liquid transition at T, = 360K
e - cooling down: freezing at T,= 335K

(i) T, (clusters) < T, (bulk)
(ii) Hysteresis between heating and cooling curves : T, # T,

— characteristics of thermal properties of metallic clusters (In-Sn)
embedded in an oxide matrix..= Nanocomposite ITO thin films
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General phenomenon...6a,0.,....
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Nanocomposite films formation is a general phenomenon occurring

in oxygen deficient oxide films

NAGARAJAN L., DE SOUZA R.A., SAMUELIS D. et a//, Nature Materials (2008) 7 391
A chemically driven insulator-metal transition in non-stoichiometric and amorphous gallium oxide




How such nanocomposite films can be formed ?

oxygen deficiency & growth femperature

ITO : oxide compound with metastable sub-oxides Il

... Crystallisation starts with stable oxide growth at the expense of
sub-oxide... phase separation starts :

In; SNy ;0,5 — a(In; gSny ,03 ) + b (Ing gSng ,0, 5. )

... The disproportionnation reaction is complete:
In, gSny ,0, 5 — a(In; g§Sny ,0; ) + b(In-Sn)

and phase separation...
..a nanocomposite film (metallic nanoclusters embedded in a stoichiometric

matrix) is formed... with very specific transport properties....




@sions - PerspecﬁE'

By the precise control of the oxygen deficiency and temperature (growth
and/or annealing) it is possible to control the nanocomposite film formation
and nanocluster size and density...

— the optical properties of the films could be tuned from purely
transparent and insulating o absorbing and metallic like films.

— a local and possibly periodic modulation of the optical and/or
electrical properties of such films appears possible via a local heating (laser
beam) under control atmosphere ... new materials for photonic applications.

Other oxide compounds with metastable sub-oxides, like In,05, Ga,0; or
Sn0O, (and their combination)... could give similar nanocomposite films with
interesting optical and transport properties.

Such nanocomposite films appear as « model systems » to carry on more
investigations on thermal properties of metallic nanometric clusters
embedded in an insulating matrix.
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