
Lectures 14+15

Electronics

microlectronics

nanolectronics



Electronics =
electronic transport +  sensitivity of transport characteristics

to external conditions: 
magnetic field,   
temperature, 
electromagnetic environment.

Electronics materials:
Semiconductors and semiconductor heterostructures
Normal and Ferromagnetic metals, Superconductor

Electron dynamics in each material is determined by 

band structure  ~1eV

correlations     <1meV



Semiconductor quantum wells
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Semiconductor heterostructures

5nm GaAs

8 nm AlGaAs

500 µm GaAs

band-edge discontinuity produces
a triangular well                 2DEG

2DEG is a metal with a very low density
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20nm AlGaAs

made by MBE:
molecular beam epitaxy
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Density of states,

Number of 
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Micro/Nanotructures: wires (1D) and dots (0D)

optical lithography (1-10microns)
electron beam lithography (0.1-1micron)
direct writing with AFM (10-100nm)

self-organized growth - InAs quantum dots 
in AlAs matrix



Surface Modification with an AFM

nanomachining

Haug et al, Appl. Phys. Lett. 75, 1107 (1999)

application:
GaAs/AlGaAs-heterostructure



Local Oxidation

Ishii, Matsumoto (1995), Held et al. (1998)
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Quantum transport effects

IPG

Source
Drain

IPG

550 nm 1D

conductance quantisation
in a 1d channel

Haug et al, Appl. Phys. Lett.81, 2023 (2002)
C.Marcus et al – from 1995

D.Mailly, M.Sanquer - 1992



Density of states, γ
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Quantum conductance (resistance)

Ω=== k
e
h

G
R

q
q 812807.251

2
h
eGq

2

=



y











Exercise

1. Estimate the width of ballistic constriction in a 2DEG 
with the density                           which would have 
conductance value of the order of conductance 
quantum,           . 

2. Estimate the low-T resistance of 10nm-diameter 
alkali metal ballistic point contact.
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