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Polymers treatment in atomic force microscope (AFM) configuration

ca. 40 nm resolution
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Parts 5-6, Outline
Principle technological schemes
Part 5 Optical and Electronic Lithography
Polymer and inorganic resists (composition, solubility, microstructure)
Spin-coating, adhesion, roughness
Light and beam interactions with positive and negative resists; amplification
Post-exposure procedures (developers, thermal effects, wetting)
Maskless lithography
Part 6 Assembling of low-dimensional objects
*Dry transfer methods
*Wet transfer methods

eJunctions, contacts

*nm-size gaps



General schemes of the transfer of a single flake (example for CVD graphene grown on Cu)
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Transfer of a single flake avoiding etching (example of transfer to TEM grid)
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“Pick-up” approach to stacking
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so the structure is ——

not contaminated

by polymer stamp Jap. J. Appl. Phys. 59 (2020) 010101

Dozens of flakes can be stacked, but the size of each flake is
occasional.

Optical microscopy is required to combine the central parts
of all flakes.

Automatic tools are already developed, but all single-flake
technologies still work mostly for laboratory prototype
devices.
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Ink-based assembling of 2D flakes (several atomic layers): simple, suitable for any support

Suspension spin-coating, then lithography
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Ink-based assembling of 2D flakes: size/thickness sorting CVD Graphene is

e transferred from Cu foil

Centrifugation + extraction, hexagonal BN: . .
using polymer resist
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Contacts formed using focused

Edge-contacts to 2D structures ion beam (FIB)
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Structures containing the fragments of various dimensions: 2D and 1D

Au sputtering on flexible support
(PET = polyethylene terephthalat),
1x0.5mm?x27nm; 60 um between
two Au contacts.

Graphene, up to 3 layers,
wet transfer.

GaN wires grown on Si:
- suspended,
- randomly deposited.
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Single wire devices requiring contacts (example of Josephson junction)
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after AAO dissolution, surfactants
are necessary to suppress wires
aggregation; in this example,
polyvinylpyrrolidone (PVP) is
applied as surfactant
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Single wire devices ... macroscopic contacts

Macroscopic bonding (welding)
Sci. Rep. 9 (2019) 14470;

11 (2021) 17042 S
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Electrophoresis as manipulation tool for 1D fragments

drop of the solution

Curr. Appl. Phys. 6, Suppl. 1
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icles)

molecular linkers for surfaces and 0D fragments (nanopart
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Molecular linkers for oxide surfaces (when thiols are less effective)
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1,6-hexanedithiol linker Appl. Phys. Lett 68 (1996) 2574 0D particles for single electron transfer
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nm-size gaps: fabricated by electromigration, for single electron transistors

Evaporated Au islands, 5 - 15 nm
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Gaps formed by electrodeposition and dissolution [Au(CN),)] + 3 e < Au + 4CN-
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Assembling: reviews
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