Two Dimensional Electron Gases at Oxide Interfaces
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2-DEGs Can Be Realized in Oxides
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A. Tsukazaki et al., Science (2007)




The n-type LaAlOz / SrTiO3 Interface
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A. Ohtomo, H. Hwang, Nature 427, 423 (2004)






8 unit cells LaAlO3 on SrTiO3

o, (Q/O)1 | ns(cm2) | p(cm?/Vs)
300 K 5x105 | 2-4x1013 7
4.2 K 5x103 | 2-4x1013 700




STEM: Cross Section
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L. Fitting-Kourkoutis, D.A. Muller (Cornell)






The Polar Catastrophe is another Possible Source of Charge Carriers
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N. Nakagawa et al., Nature Materials (2006)
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Patterning the Electron Gas
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® interface is not exposed to environment

® surface remains unexposed

® compatible with standard lithography techniques

Schneider et al., APL 89, 122101 (2006)
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Schneider et al., APL 89, 122101 (2006)






Profiling the interface electron gas of LaAlO3/SrTi0; heterostructures by hard X-ray
photoelectron spectroscopy
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Low Carrier Density at the Interfaces ~2-4x1013/cm?2
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Gate-Field Induced Phase Transition to 2-DEG?
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Field Effect Experiments - Top Gate
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Field Effect Tuning of the Interface Properties

A.D. Caviglia et al., nature 2008




Measured Phase Diagram of the LaAlO3/SrTiOz Interface
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Electric Field Lithography

Induce insulator-metal transition locally
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NERIONWVILES

>an be written and erased repeatedly

are stable at 300 K for > 24 h (but not always)

C. Cen et al., Nature Materials 7, 298 (2008)



Electric Field Lithography

Induce insulator-metal transition locally

OoX=2.1nm
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written wires with nanotube diameter
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are stable at 300 K for > 24 h (but not always)
C. Cen et al., Nature Materials 7, 298 (2008)



Possible Writing Mechanism

No vacancies Vacancy density ny=1/4

C. Cen et al., Science in press






arostructure






