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Why patterning with an AFM?

AFM Image
of a graphite surface

Figures: courtesy of the
Swiss Nanoscience Institute (SNI)

mm) [unctional modification of surfaces by AFMs?
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The AFM as a mechanical tool:

nano-indenting and -plowing
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M. Wendel et al., Appl. Phys. Lett. 65, 1775 (1994)
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The AFM as an electrochemical tool:
L_ocal Oxidation

sustrate oxide

possible reaction:
2GaAs+6h*+60H —Ga,0,+As,0,+3H,

Requirements:

Controlled humidity 40% - 60%

Voltage <-12 V to conductive AFM tip Gal[AllAs electron gas
(we use diamond-coated, doped Si tips) heterostructure
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Local Oxidation of Ga[Al]As:
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M. Ishii and K. Matsumoto, Jpn. J. Appl. Phys. 34, 1329 (1995)



Depletion of the 2DEG in Ga[Al]As:

Simulation:
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Some features of lithography by local oxidation :

lithography and etching

lithography and lift-off

1: metallization

metal Iazer, 0,1

_ 1-recict enin rnatinn

AFM lithography

1: oxidation

2: resist spin coating

vo—‘ AFM tip
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2: metallization

Advantages:

* NO resist

* single step

e simple inspection
e test and change

* in-situ control
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5:resist removal

6: resist removal




On-chip trial and error:

20 um

0 20 um

9
(T.H. et al.,unpublished)
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Feedback: Patterning Low Temperature

. Measurements
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(T.H. et al.,unpublished)



Ungateable materials:
Hole focusing in p-Ga[Al]As
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L. Rokhinson et al., Phys. Rev. Lett. 96, 156602 (2006)
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Other heterostructure systems:
Coulomb blockade in an
InAs/AlGaSb quantum well structure:

di/dV (a.u.).

S. Sasa et al., Jpn. J. Appl. Phys. 38, 480 (1998) 12



Electronic properties:

For example a quantum point contact:
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(T.H. et al.,unpublished)



Definition of multiply connected nanostructure geometries without
etching / air bridges: Coulomb blockade of a quantum ring
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A. Fuhrer et al., Nature 413, 822 (2001)



Double layers of nanostructured electrodes:

1. Local oxidation of the
Ga[Al]As

donor
gt
layer

2. Ti film deposition (<10nm)

AlGaAs

GaAs 3. Local oxidation of the Ti

layer, aligned.
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M. Sigrist et al., Appl. Phys. Lett. 85, 3558 (2004)



Example: coupled quantum dots embedded in a ring:
Investigation of coherence in inelastic cotunneling

8 top gates, self aligned, 7 in plane electrodes
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Figures: courtesy of T. Ihn, ETH Zurich

Each dot: Charging energy ~ 0.7 meV Electron number ~ 30
Single-particle level spacing ~ 0.1 meV
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M. Sigrist et al., Phys. Rev. Lett. 96, 036804 (2006)



Summary and Conclusions:

Scanning probe lithography is a powerful complementary technique

Advantages:

simple: direct writing, single step, see immediately what you get
In-situ control possible;

VERY small lateral depletion length, steep walls;

patterning ungateable samples (InAs, p-GaAs,...);

simple patterning of multiply connected geometries;

aligned double layers of nanostructures.

Disadvantages:
works only for shallow 2D systems;
serial process, slow;
(probably) no significant size reduction
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High-k + Metal Gate Transistors

Improved Transistor Density ~2X

Improved Transistor Switching Speed >20%

Reduced Transistor Switching Power ~30%
65 nm Transistor 45 nm HK + MG
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